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Although  the  work  of  the  Millwright,  or  the  art  of  con- 
structing the  machinery  of  transmission  in  mills — considered 
separately  from  the  machines  employed  in  the  manufacture — 
does  not  in  the  present  stage  of  progress  admit  of  much  im- 
provement, it  has  nevertheless  undergone  very  considerable 
changes  both  in  form  and  character.  It  is  no  longer  of  that 
heavy,  ponderous  character  which  existed  sixty  years  ago.  The 
velocities  of  both  shafts  and  wheels  have  been  trebled,  and  in 
most  cases  quadrupled,  and  from  this  a  saving  of  two- thirds  in 
weight,  and  a  proportionate  saving  of  power,  have  been  effected. 
All  these  facts  are  carefully  recorded  in  the  present  volumes ; 
and,  taking  into  account  the  improvements  in  water  wheels, 
the  investigation  of  steam  as  a  motive  power,  and  other  prac- 
tical instructions  for  the  guidance  of  the  millwright,  I  have  no 
hesitation  in  recommending  their  careful  perusal  to  the  pro- 
fessional and  the  general  reader. 

Manchester:  April 27, 1871. 
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The  early  demand  for  a  Second  Edition  of  my  Treatise  on 
Mills  and  Millwork  has  enabled  me  to  correct  errors  and 
supply  omissions,  which  are  almost  sure  to  escape  notice  when 
the  author's  time  is  occupied  in  professional  pursuits. 

The  history  of  Mills  is  a  subject  which  might  be  greatly  ex- 
tended ;  but  the  main  object  I  have  in  view  is  to  lay  before  the 
reader  the  results  of  a  successful  practice  as  a  Millwright  and 
Engineer  during  a  period  of  more  than  half  a  century — a  period 
which  has  contributed  more  than  any  previous  one  to  the  de- 
velopment and  perfection  of  the  manufacturing  industry  of  the 
world. 

Manchester:  June  26,  1864. 
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Thebe  is  probably  no  department  of  practical  science  so  gene- 
rally useful,  or  so  little  studied  of  late  years,  as  tbe  macbinery 
of  transmission.  The  term  '  Millwork,9  as  applied  to  this  class 
of  machinery,  is  of  modern  origin;  but  'Millwright*  has  long 
been  a  household  word,  and  at  no  distant  period  conveyed  the 
idea  of  a  man  marked  by  everything  that  was  ingenious  and 
skilful. 

The  millwright  of  former  days  was  to  a  great  extent  the  sole 
representative  of  mechanical  art.  and  was  looked  upon  as  the 
authority  in  all  the  applications  of  wind  and  water,  under  what- 
ever conditions  they  were  to  be  used,  as  a  motive  power  for  the 
purposes  of  manufacture.  He  was  the  engineer  of  the  district 
in  which  he  lived,  a  kind  of  jack-of-all-trades,  who  could  with 
equal  facility  work  at  the  lathe,  the  anvil,  or  the  carpenter's 
bench.  In  country  districts,  far  removed  from  towns,  he  had 
to  exercise  all  these  professions ;  and  he  thus  gained  the  cha- 
racter of  an  ingenious,  roving,  rollicking  blade,  able  to  turn  his 
hand  to  anything,  and,  like  other  wandering  tribes  in  days  of 
old,  went  about  the  country  from  mill  to  mill,  with  the  old 
song  of  4  kettles  to  mend '  reapplied  to  the  more  important  frac- 
tures of  machinery. 

Thus  the  millwright  of  the  last  century  was  an  itinerant 
engineer  and  mechanic  of  high  reputation.  He  could  handle 
the  axe,  the  hammer,  and  the  plane  with  equal  skill  and  preci- 
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sion ;  he  could  turn,  bore,  or  forge  with  the  ease  and  despatch 
of  one  brought  up  to  these  trades  ;  and  he  could  set  out  and  cut 
in  the  furrows  of  a  millstone  with  an  accuracy  equal  or  superior 
to  that  of  the  miller  himself.  These  various  duties  he  was 
called  upon  to  exercise,  and  seldom  in  vain,  as  in  the  practice 
of  his  profession  he  had  mainly  to  depend  upon  his  own  re- 
sources. Generally,  he  was  a  fair  arithmetician,  knew  some- 
thing of  geometry,  levelling,  and  mensuration,  and  in  some 
cases  possessed  a  very  competent  knowledge  of  practical  mathe- 
matics. He  could  calculate  the  velocities,  strength,  and  power 
of  machines ;  could  draw  in  plan  and  section,  and  could  con- 
struct buildings,  conduits,  or  watercourses,  in  all  the  forms  and 
under  all  the  conditions  required  in  his  professional  practice ; 
he  could  build  bridges,  cut  canals,  and  perform  a  variety  of 
work  now  done  by  civil  engineers.  Such  was  the  character  and 
condition  of  the  men  who  designed  and  carried  out  most  of  the 
mechanical  work  of  this  country,  up  to  the  middle  and  end  of 
the  last  century.  Living  in  a  more  primitive  state  of  society 
than  ourselves,  there  probably  never  existed  a  more  useful  and 
independent  class  of  men  than  the  country  millwrights.  The 
whole  mechanical  knowledge  of  the  country  was  centred  amongst 
them  ;  and,  wherever  sobriety  was  maintained  and  self-improve- 
ment  aimed  at,  they  were  generally  looked  upon  as  men  of 
superior  attainments  and  of  considerable  intellectual  power.  It, 
however,  too  frequently  happened  that  early  training,  constant 
change  of  scene,  and  the  temptation  of  jovial  companions,  led 
the  young  millwright  into  excesses  which  almost  paralysed  his 
good  qualifications.  His  attainments  as  a  mechanic,  and  his 
standing  in  the  useful  arts,  were  apt  to  make  him  vain ;  and 
with  a  rude  independence  he  would  repudiate  the  idea  of  work- 
ing with  an  inferior  craftsman,  or  even  with  another  as  skilful 
as  himself,  unless  he  was  born  and  bred  a  millwright.*  I  re- 
member an  old  millwright  who,  in  palliation  of  an  offence  with 

*  This  had  reference  to  the  young  practitioner  being  the  oldest  son  of  a  mill- 
wright, which  circumstanco  in  itself  was,  until  of  late  years,  considered  a  suffi- 
cient guarantee  for  skill  and  industry,  whether  he  possessed  them  or  not. 
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which  his  employer  charged  him,  urged  that  he  was  the  most 
useful  man  in  his  employ,  and  that  he  ought  not  to  forget 
that  he  had  even  condescended  to  work  with  carpenters  to 
please  him. 

The  introduction  of  the  steam  engine,  and  the  rapidity  with 
which  it  created  new  trades,  proved  a  heavy  blow  to  the  dis- 
tinctive position  of  the  millwright,  by  bringing  into  the  field  a 
new  class  of  competitors  in  the  shape  of  turners,  fitters,  machine 
makers,  and  mechanical  engineers ;  and,  notwithstanding  the 
immense  extension  of  the  demand  for  millwork  and  the  great 
stimulus  which  it  afforded  to  the  manufactures  of  the  country, 
it  nevertheless  lowered  the  profession  of  the  millwright,  and 
levelled  it  in  a  great  degree  with  that  of  the  ordinary  mechanic. 
He,  however,  retains  his  distinctive  appellation ;  and  I  hope  he 
will  long  continue  the  representative  of  a  higher  class  of 
mechanical  artisans,  to  whom  the  public  are  deeply  indebted 
for  many  of  our  first  and  greatest  improvements  in  practical 
science. 

Serious,  and  perhaps  not  altogether  unfounded,  charges  have 
been  brought  against  millwrights  as  a  class,  but  on  examination 
I  do  not  think  that  they  are  borne  out  to  the  extent  somo 
persons  would  wish  us  to  believe.  On  the  contrary,  I  am  per- 
suaded there  is  no  class  of  mechanics  so  intelligent  or  who  work 
harder  than  the  millwright,  or  who  exercise  a  sounder  judgment 
in  the  performance  of  their  varied  duties  in  the  perfect  execu- 
tion of  their  work.  It  is  true  that,  in  former  times,  they  too 
frequently  gave  way  to  habits  of  dissipation,  and  neglected  their 
work ;  but  in  this  respect  they  were  not  alone,  as  the  changes 
which  have  lowered  their  standing  have  proved  of  use  in  re- 
forming their  habits,  and  produced  in  the  millwrights  of  the 
present  day  a  highly  moral  and  intellectual  class  of  workmen. 
Taking  them  as  a  body,  I  believe  there  is  not  a  more  trust- 
worthy or  a  more  respectable  class  of  men  in  existence.  I  make 
this  statement  from  experience,  and  have  great  pleasure  in 
doing  so. 

It  used  to  be  a  custom,  before  the  days  of  Mechanics'  lnsti- 
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tutes,  for  the  millwrights  to  form  one  for  themselves  in  every 
shop.  Their  meetings  were  generally  held  at  a  public-house  on 
Saturday  evenings ;  and  many  were  the  times  when  long  discus- 
sions on  practical  science  and  the  principles  of  construction 
were  carried  on  between  rival  disputants  with  a  fiery  eagerness 
which  not  unfrequently  ended  in  a  quarrel,  or  effected  a  settle- 
ment by  the  less  rational  but  more  convincing  argument  of 
blows.  It  was  a  rough  way  of  imparting  knowledge  ;  but  it  was 
not  worse  than  that  practised  in  the  schools  and  seminaries  of 
the  day,  where  the  application  of  the  rod  was  the  general 
remedy  for  dull  apprehensions  and  indocile  minds.  This  was 
beginning  at  the  wrong  end — endeavouring  to  impart  knowledge 
through  the  sensitive  parts  of  the  body,  instead  of  appealing 
to  the  higher  organs  of  the  intellect.  The  principal  difference 
between  the  Millwrights*  Institute  and  such  schools  was,  pro- 
bably, that  the  former  was  the  more  ferocious  of  the  two,  as 
the  rival  disputants  hit  harder  under  the  influence  of  potations 
than  would  now,  fortunately,  be  tolerated.  On  more  peaceful 
occasions,  however,  it  was  curious  to  trace  the  influence  of  these 
discussions  on  the  young  aspirants  around,  and  the  interest  ex- 
cited by  the  illustrations  and  chalk  diagrams  by  which  each 
side  supported  their  arguments,  covering  the  tables  and  floors 
of  the  room  in  which  they  were  assembled.  The  great  objection 
to  these  gatherings  was,  however,  the  angry  feeling  too  fre- 
quently aroused,  and  the  injurious  influence  of  the  place  of 
meeting,  which  gave  rise  to  prolonged  debates  under  the  en- 
couragement of  the  landlord,  who  on  most  occasions  was  ap- 
pealed to  as  referee  in  all  matters  in  dispute. 

The  above  is  no  overdrawn  statement  of  the  condition  of  the 
millwrights  some  fifty  years  ago.  Their  education  and  habits 
were  those  of  the  time  in  which  they  lived.  There  were  then 
no  schools  for  the  working  classes  but  those  of  the  parish,  nor 
any  libraries  or  Mechanics*  Institutes;  and  after  the  usual 
course  of  reading,  writing,  and  accounts,  the  millwright  was 
thrown  upon  his  own  resources  in  the  attainment  of  the  know- 
ledge which  might  aid  him  in  his  profession.    Hence  his  value 
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and  worth  were  most  exhibited  when  away  from  home,  and 
isolated  from  all  assistance,  where  he  was  left  to  the  construc- 
tion and  erection  of  work.  In  such  a  position  his  energies  were 
frequently  called  into  action,  and  on  many  occasions  he  dis- 
played powers  calculated  to  advance  the  interests  of  his  em- 
ployers, and  to  complete  his  task  with  accuracy  and  skill.  Thus 
the  genuine  millwright  became,  to  a  fault,  tenacious  of  his  own 
views  and  position,  and  jealous  of  any  interference  or  assistance 
from  others.  He  would  reconnoitre  and  survey  the  premises  on 
which  he  was  to  work,  rule  and  line  in  hand,  and  would  stand 
for  hours  (much  to  the  annoyance  of  his  employers)  before  he 
could  make  up  his  mind  as  to  what  was  best  to  be  done.  These 
preliminaries  being  settled,  his  decision  was  final,  and  he  would 
tix  his  levels,  stretch  his  lines,  and  in  the  course  of  a  day  or 
two  commence  work  with  an  energy  which  generally  led  to  the 
best  and  most  satisfactory  results. 

Another  feature  of  this  class,  which  should  not  be  lost  sight 
of,  was  the  kindly  feeling  and  generous  sympathy  which  gene- 
rally belonged  to  them,  and  that  exhibited  especially  towards 
those  in  declining  years  or  in  distress.  It  is  in  acts  of  charity 
and  good  will  to  those  in  want  that  the  millwright  of  all  times 
has  shown  his  native  goodness.  He  may  frequently  be  reckless 
and  dissipated,  but  he  seldom  fails  in  generosity,  and  I  know  of 
no  other  trade  where  a  more  hearty  feeling  of  liberality  and 
kindness  exists. 

Yet  the  millwrights,  with  all  these  good  qualities,  have  been 
and  are  still  subject  to  faults  injurious  to  themselves,  and 
annoying  to  the  public.  Such  are  their  frequent  contests  with 
their  employers,  either  for  an  advance  of  wages  or  for  some 
fancied  privilege  which  they  seek  to  maintain  or  establish.  They 
are  united  in  benefit  societies  for  the  relief  of  the  old  and  indi- 
gent, and  those  who  from  sickness  or  other  causes  may  be  un- 
able to  work.  Unfortunately  these  are  connected  with  trade 
societies  established  for  the  purpose  of  maintaining  what  they 
consider  their  rights — rights  often  of  a  very  imaginary  character, 
and  ill  calculated  to  advance  their  position  or  promote  their 
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individual  interests.  It  is  not  my  wish  to  enter  here  into  the 
questions  which  these  contests  suggest.  I  am  willing  to  forget 
bygone  days  and  to  look  forward  with  sanguine  hope  to  better 
times,  when  truer  principles  of  freedom  and  social  economy 
shall  be  acted  upon,  without  destroying  the  independence  and 
originality  which  have  always  been  characteristic  of  an  intelli- 
gent body  of  men  for  whom  I  entertain  individually  and  collect- 
ively the  highest  veneration  and  respect. 

I  have  deemed  it  necessary  to  give  this  brief  account  of  the 
habits  and  character  of  a  body  of  men  whose  skill  and  spirit 
of  perseverance  has  done  so  much  for  the  advancement  of 
applied  science,  and  whose  labours  have  still  a  large  influence 
on  the  industrial  progress  of  the  country.  I  am,  perhaps, 
better  qualified  for  this  task  than  most  others,  from  having 
been  associated  with  them  from  early  life,  so  that  an  experience 
of  some  fifty  years  must  be  my  excuse  for  having  imposed  this 
narrative  upon  the  reader. 

For  many  years  I  have  had  it  in  contemplation  to  give  an 
account  of  my  own  practical  experience  in  millwright  construc- 
tion ;  but  a  multiplicity  of  engagements  has  combined  with 
other  causes  to  delay  the  work,  and  to  modify  considerably  the 
original  plan.  This  first  volume,  I  hope,  may  contain  reliable 
data  and  true  principles  for  the  successful  guidance  of  the  mill- 
wright in  his  professional  duties. 

The  present  portion  of  the  work  treats  of  the  first  principles 
of  mechanism  generally,  and  proceeds  to  the  discussion  of  the 
various  constructions  of  prime-movers.  I  hope  shortly  to  com- 
plete the  work  by  a  treatise  on  the  new  system  of  transmissive 
machinery,  and  on  the  arrangements  necessary  for  imparting 
motion  to  the  various  descriptions  of  mills. 

The  accumulation,  storage,  and  measurement  of  water  has 
received  attention ;  as  well  as  the  construction  of  prime-movers 
depending  upon  this  motive  power,  including  the  best  forms  of 
water  wheels,  according  to  my  own  practice,  and  the  more 
recently  introduced  varieties  of  turbines.  In  discussing  the 
principles  of  the  steam  engine  I  have  inserted  a  short  treatise 
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on  the  properties  of  steam,  derived  in  part  from  researches 
carried  on  under  mj  own  superintendence,  bearing  on  the 
density  of  saturated  steam  and  the  law  of  expansion  of  super- 
heated steam.  To  this  has  been  added  a  chapter  on  engines 
and  boilers,  their  strength,  powers,  and  principles  of  con- 
struction. 

It  is  evident  that,  in  the  present  improved  state  of  mill 
machinery,  steam  and  water  are  the  chief  agents  on  which  we 
depend  for  motive  power.  In  former  times  the  wind  was  also 
looked  toas  a  source  of  power ;  but  it  is  now  very  little  em- 
ployed, except  in  Holland  and  the  fenny  districts  of  this 
country,  where  it  is  still  used  for  pumping  and  other  opera- 
tions where  constant  uniformity  of  action  is  not  required.  Not- 
withstanding the  changes  effected  by  steam,  as  windmills  are 
not  yet  obsolete,  I  have  given  a  short  chapter  on  their  mode  of 
construction. 

In  the  prosecution  of  this  work  I  have  been  ably  assisted  by 
my  friend  Mr.  Thomas  Tate,  to  whom  I  owe  the  chapter  on  the 
elementary  principles  of  mechanism :  as  also  to  my  assistant 
and  secretary,  Mr.  William  C.  Unwin,  to  whose  assiduous 
attention  and  love  of  science  I  am  greatly  indebted. 
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A  TREATISE 

MILLS  AND  MILL-WORK. 

— -4 — 

SECTION  I. 

INTRODUCTION. 

CHAPTER  I. 

EARLY  HISTORY  OF  MILLS, 

We  may  search  in  vain  for  dates  from  which  to  calculate  the 
earliest  period  at  which  the  principles  of  accumulating  power, 
and  transmitting  it  for  employment  in  mills,  were  first  intro- 
duced, and  it  is  equally  impossible  to  trace  consecutively  the 
progressive  developments  that  have  taken  place  from  the  days 
of  antiquity  to  the  present  improved  state  of  the  arts.  Perhaps 
the  earliest  introduction  of  machinery  was  in  the  processes  for 
the  preparation  of  food,  as  we  read  of  the  Egyptians  and  Baby- 
lonians, and  other  nations  in  Europe  and  Asia,  having  mills 
for  grinding  corn  from  the  earliest  period  of  historical  records. 
Hesiod  and  Pliny  both  describe  the  most  primitive  method  of 
the  preparation  of  corn,  a  method  still  further  illustrated 
among  the  pictorial  remains  of  the  Egyptians,  viz.  pounding 
in  a  mortar. 

Corn  Mills. — When  millstones  were  introduced  is  uncer- 
tain, although  they  boast  of  a  high  antiquity.  Agatharcides 
(b.c.  113)  mentions  grinding  stones  employed  in  the  reduction 
of  gold  ore  in  the  mines  on  the  Red  Sea,  and  of  the  same  kind, 
no  doubt,  were  the  early  flour  mills.  Two  round  stones,  with 
concave  and  convex  fitting  surfaces,  roughened  or  notched  like 

B 
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the  pestle  in  Pliny's  description,  is  probably  the  best  form  for 
the  distribution  of  the  grain  introduced  through  a  hole  in  the 
upper  stone,  and  to  throw  off  the  flour  at  the  edges.  A  pivot 
in  either  stone,  fitting  a  recess  in  the  other,  would  be  necessary 
to  guide  the  upper  or  running  stone,  which  would  be  moved  by 
simple  manual  labour.  Millstones  of  this  kind,  or  querns,  as 
they  are  commonly  called,  are  found  not  unfrequently  amongst 
the  foundations  of  Roman  villas,  and  along  the  lines  of  Roman 
encampments.  Fig.  1  is  a  representation  of  the  nether  stone 
of  such  a  mill  found  at  Gayton,  near  Northampton,  and  figured 
Fig.  1.  in  the  '  Archseologia,'  vol. 

xxx.  The  stone  of  which 
these  mills  were  composed 
was  a  sort  of  pudding  stone 
or  rough  lava,  which  from 
romax  quern.  Arekaobgi*  xxx.  128.    its  varying  hardness  tended 

to  retain  a  biting  surface.  Some  of  the  querns  retain  traces  of 
the  notches  or  '  work : '  they  vary  from  ten  inches  to  twenty 
inches  in  diameter.  Usually,  as  at  the  present  time  in  some 
countries,  these  handmills  were  turned  by  women,  but  amongst 
the  Romans  male  slaves  were  employed  for  this  purpose,  or  it 
was  reserved  as  a  penal  exercise  for  convicts. 

The  essential  defects  of  this  mode  of  grinding — the  want  of 
power,  and  the  tediousness  of  the  operation — led  gradually  to 
the  employment  of  cattle  mills,  and  these  are  sometimes  men- 
tioned by  classical  authors,  although  little  was  known  of  their 
construction  until  recently.  In  disentombing  the  baker's 
house  at  Pompeii,  several  of  these  large  mills  were  found,  in 
excellent  preservation.  Fig.  2  is  a  representation  of  one  of 
them,  and  may  be  described  as  follows :  The  base  a  is  a  cylin- 
drical  stone,  about  five  feet  in  diameter,  and  two  feet  high. 
Upon  this,  forming  part  of  the  same  block,  or  else  firmly  fixed 
into  it,  is  a  conical  projection,  about  two  feet  high,  the  sides 
slightly  curving  inwards ;  upon  this  rests  another  block  c, 
externally  resembling  a  dice-box,  internally  an  hour-glass, 
being  shaped  into  two  hollow  cones  with  their  vertices  towards 
each  other,  the  lower  one  fitting  the  conical  surface  on  which 
it  rests,  but  not  with  any  degree  of  accuracy.  To  diminish 
friction,  however,  a  strong  iron  pivot  was  inserted  in  the  top 
of  the  solid  cone,  and  a  corresponding  socket  let  into  the 
narrow  part  of  the  hour-glass  shaped  stone  c.    Four  holes 


Digitized  by  Google 


CORN  MILLS. 


3 


were  cut  through  the  stone  parallel  to  this  pivot,  the  narrow 
part  was  hooped  on  the  outside  with  iron,  into  which  wooden 
bars  d  d  were  inserted,  by  means  of  which  the  upper  stone  was 
turned  on  its  pivot  by  the  labour  of  men  or  asses.  The  upper 
hollow  stone  served  as  a  hopper  as  well  as  a  grinder,  and  was 
filled  with  corn,  which  fell  by  degrees  through  the  four  holes 
upon  the  solid  cone,  and  was  reduced  to  powder  by  friction 
between  the  two  rough  surfaces ;  of  course  it  worked  its  way 
to  the  bottom  by  degrees,  and  fell  out  on  the  cylindrical  base, 


Fig.  2. 
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round  which  a  channel  was  cut  to  facilitate  the  collection. 
These  machines  are  about  six  feet  high  in  the  whole,  made  of 
rough  grey  volcanic  stone  full  of  large  crystals  of  leucite.1 

Imperfect  and  tedious  as  the  operation  of  grinding  must 
still  have  been,  cattle  mills  seem  long  to  have  held  their 
ground  against  further  innovation,  and  even  down  almost  to 
our  own  day  in  old  works  on  machinery  various  contrivances 
for  employing  the  labour  of  cattle  in  corn  mills  are  described. 
However,  before  the  Christian  era  a  new  power  was  beginning 
to  be  applied  to  corn  mills,  that  of  flowing  or  falling  water. 

'  Clarke,  Pompeii,  vol.  ii.  p.  136. 
B  2 
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Probably  the  immense  quantities  of  water  required  in  Egypt 
and  A88}'ria  for  the  irrigation  of  the  land  first  led  to  contri- 
vances for  turning  to  account  the  current  of  rivers  as  a  motive 
power.  Vitruvius  describes  water  wheels  employed  both  for 
raising  water  and  for  grinding  corn,1  the  motion  in  the  latter 
case  being  made  available  by  a  rude  kind  of  gearing,  in  which 
we  may  trace  the  rudiments  of  our  present  transmissive 
machinery.  Whittaker,  in  his  'History  of  Manchester,' 
describes  a  water  mill  ascribed  to  the  Romans,  of  which  traces 
were  found  in  Manchester  some  years  since.  This  mill  served 
equally  the  purposes  of  the  town  and  garrison,  but  was  not 
alone  sufficient,  as  the  use  of  handmills  remained  very  common 
in  both,  many  having  been  found  on  the  site  of  the  station  at 
Campfield.  The  Roman  water  mill  at  Manchester  was  placed 
upon  the  river  Medlock,  immediately  below  Campfield,  and  a 
little  above  an  ancient  ford.  The  sluice  and  conduit  which 
actually  regulated  and  conveyed  the  water  to  the  mill  was 
accidentally  discovered  about  the  middle  of  the  last  century. 
It  was  found  at  a  place  called  Dyer's-croft,  where  a  flood  in 
the  river  swept  away  a  dam  with  a  large  oak  beam  upon  the 
edge  of  it,  and  disclosed  a  tunnel  in  the  rock  below.  This, 
when  excavated,  was  found  to  be  about  three  feet  wide  and 
three  feet  deep,  gradually  narrowing  at  the  bottom,  and  upon 
the  sides  the  marks  of  the  tool  were  everywhere  to  be  found. 
This  ancient  tunnel  was  bared  to  the  extent  of  twenty-five 
yards,  but  it  evidently  had  been  continued  in  a  direct  line  up 
to  the  commencement  of  a  wide  weir  in  the  river  above.  From 
these  discoveries  it  will  appear  that  mills  for  grinding  corn  by 
power  were  of  ancient  date  even  in  this  country. 

In  our  attempts  to  trace  the  progress  of  the  mechanical 
arts,  we  are  compelled  to  leave  a  wide  blank  for  the  period  of 
intestine  war  which  succeeded  the  deoline  of  the  Roman 
Empire.  The  conquest  of  Rome  by  Alaric  and  the  spread  of  a 
race  of  barbarians  over  the  whole  of  Europe,  had  the  effect,  for 
many  centuries,  of  obliterating  almost  every  vestige  of  the 
arts,  which  in  the  turmoil  and  tumult  of  war  were  either 
entirely  lost  or  utterly  neglected.  Thus,  for  a  long  succession 
of  years,  during  the  middle  ages  and  at  the  period  of  the  Cru- 
sades, the  industrial  arts  languished  and  retrograded,  and  it 
was  not  until  the  time  of  Michael  Angelo  and  Galileo  that 

1  Vitruvius,  Architecture,  book  x.  c.  10. 
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mathematics,  architecture,  engineering,  and  mechanics  received 
the  least  encouragement  or  attention.  The  mathematician  and 
the  natural  philosopher  had  before  then  been  looked  upon  with 
suspicion  and  carefully  watched  as  persons  dangerous  to 
society.  During  the  rise  of  painting,  sculpture,  and  architec- 
ture, the  arts  which  rendered  the  republics  of  Italy  so  illustrious, 
mechanics  began  to  attract  notice,  and  to  that  age  we  may 
trace  the  introduction  of  water  mills  in  many  parts  of  Italy. 
Little  or  no  progress,  however,  was  made  down  to  the  close  of 
the  seventeenth  century. 

The  Dutch,  owing  to  the  natural  difficulties  of  their  location, 
were  urged,  in  their  own  defence,  to  take  the  lead  in  the  field 
of  mechanical  appliance ;  and  the  vast  embankments  of  that 
enterprising  people,  with  their  canals  and  docks,  fully  justify 
the  remark  that  they  were  amongst  the  first  to  benefit  mankind 
by  the  introduction  of  mills  for  grinding  corn,  which  was  chiefly 
imported,  and  of  machines  for  draining  the  lands  which  their 
patient  industry  had  reclaimed  from  the  sea.  As  a  prime-mover 
the  Dutch  had  no  water  power  except  what  was  obtained  by 
impounding  the  tidal  water  and  working  it  off  during  its  reflux. 
At  best  this  was  an  expensive  and  uncertain  power,  which 
caused  wind  to  come  into  more  general  use;  and  during  the 
greater  part  of  the  seventeenth  century  we  were  chiefly  indebted 
to  the  Dutch  and  Belgians  for  our  improved  knowledge  of 
mills  and  the  extension  of  our  manufacturing  industr}'. 

Mills  for  the  Manufacture  of  Textile  Fabrics. — 
Woollen,  cotton,  and  linen  cloth  was  manufactured  in  this 
country  from  an  early  period,  and  the  manufacture  of  silk  was 
practised  in  Italy  in  the  twelfth  century.  It  was  subsequently 
introduced  into  France  and  other  parts  of  Europe,  and  we  learn 
that  James  I.  encouraged  the  manufacture,  and  made  an  at- 
tempt to  grow  the  mulberry  and  produce  silk  in  this  country, 
which,  however,  as  might  have  been  expected,  totally  failed. 
During  the  reign  of  Charles  L,  the  Commonwealth,  and  the 
reign  of  Charles  II.,  tbe  manufacture  of  silk  goods  made  great 
progress,  and  it  is  stated  that  in  1661  as  many  as  40,000  per- 
sons were  employed  in  that  branch  of  industry.  In  1685,  on 
the  revocation  of  the  Edict  of  Nantes,  a  large  colony  of  skilful 
French  weavers  settled  at  Spital fields,  and  from  that  time  to 
the  present  have  carried  on  the  manufacture  in  that  locality. 
The  winding,  throwing,  and  weaving  were  chiefly  done  by  hand, 
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and  it  was  only  from  the  construction  of  the  large  throwing 
mill  at  Derby,  in  1719,  that  we  date  the  introduction  of  mill- 
machinery,  technically  so  called,  for  the  production  of  these 
fabrics. 

Woollen  mills  have  a  much  greater  antiquity  than  either 
silk  or  cotton  mills.  Spinning  and  weaving  processes  were 
known  in  the  time  of  Moses,  and  are  illustrated  in  ancient 
Egyptian  monuments.  Pliny  attributes  the  discovery  of  the 
art  of  fulling  cloth  to  Nicias  of  Megara  (b.c.  1181).  The  origin 
of  the  woollen  manufacture  is  evidently  beyond  the  reach  of 
tradition,  though  the  process  of  felting  was  probably  known 
before  the  art  of  spinning  and  weaving.  Among  the  Romans 
the  woollen  manufacture  attained  considerable  perfection,  and 
several  of  their  writers  describe  the  different  qualities  of  cloth 
as  used  for  the  tunic  and  common  stuff  garments. 

From  the  time  of  the  Romans  until  the  Norman  Conquest 
we  have  no  record  of  the  manufacture  of  woollens;  and  it  is 
certain  that  amongst  the  Saxons,  and,  indeed,  for  several  cen- 
turies after  the  Conquest,  the  costume  of  the  peasantry  was  of 
leather,  and  there  is  reason  to  believe  that  the  *  buff-jerkin ' 
retained  its  place  as  the  ordinary  dress  of  the  labouring  people 
of  England  until  the  time  of  the  Commonwealth. 

It  is  generally  supposed  that  the  woollen  manufacture  was 
introduced  into  this  country  in  the  reign  of  Edward  III.,  but 
.  there  is  every  reason  to  believe  that  it  existed  long  before  that 
time.  Mr.  McCulloch  states  that  it  was  practised  above  a  hun- 
dred years  before  that  prince  introduced  improvements  in  the 
manufacture.  What  these  improvements  were  is  not  known  ; 
probably  they  were  neither  more  nor  less  than  protective  laws, 
which,  by  giving  an  increased  monopoly  to  guilds  and  corpora- 
tions, seriously  injured  the  freedom  and  restricted  the  extension 
of  trade. 

The  whole  of  the  woollen  mills,  from  a  very  early  period  to 
the  commencement  of  the  present  century,  were  driven  by  water, 
and  this  will  account  for  the  locations  on  the  streams  of  the 
West  of  England  and  Yorkshire,  where  the  woollen  manufacture 
was  carried  on.  The  introduction  of  improved  machinery  for 
the  manufacture  of  cotton  gave  to  the  woollen  trade  an  entirely 
new  character ;  and  from  that  circumstance  we  ma}r  safely  date 
the  vastly  increased  production  and  the  great  extension  that 
have  taken  place  in  that  important  branch  of  manufacture. 
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The  next  article  of  importance  in  an  historical  point  of  view 
is  cotton ;  and  to  this  production  we  may  to  a  great  extent  trace 
the  advancement,  prosperity,  and  power  of  the  British  Empire. 
The  cotton  manufacture  had  its  origin  in  India,  where  the  plant 
is  indigenous,  and  where  the  climate  renders  a  light  absorbent 
fabric  the  most  suitable  clothing  for  the  inhabitants.  The 
manufacture  of  cotton  in  India  may  be  dated  from  a  period 
antecedent  to  the  Eomans;  and  the  implements  used  in  the 
different  processes  of  the  manufacture,  from  the  cleaning  of  the 
wool  to  its  conversion  into  muslin,  are  of  a  most  simple  kind, 
and  may  be  purchased  for  a  few  shillings. 

The  cotton  manufacture  of  China  is  of  the  same  character 
as  that  of  India ;  and  although  of  immense  extent,  the  articles 
produced  are  chiefly  employed  for  home  consumption.  The  arts 
in  that  country,  as  far  as  we  know  from  the  accounts  of  the 
missionaries  and  the  more  recent  expedition  of  Lord  Elgin,  are 
stationary;  and  the  tools,  implements,  &c,  are  of  the  same 
primitive  kind  as  those  used  in  India.  The  chief  description 
of  cotton  goods  exported  when  the  Chinese  became  famous  for 
their  manufacture  were  nankeens  ;  but  these  have  long  since 
given  way  to  the  cheaper  productions  of  Great  Britain,  and  for 
years  past  we  have  supplied  the  Chinese  with  large  quantities 
of  cotton  yarn  and  cloth. 

The  first  introduction  of  cotton  into  Europe  and  its  manu- 
facture were  first  attempted  by  the  commercial  states  of  Italy ; 
and  as  early  as  1560  cottons  were  exported  from  Venice  to  the 
different  markets  of  Europe  in  the  West.  It  was  not,  however, 
until  the  beginning  of  the  seventeenth  century  that  cotton  was 
manufactured  in  this  country ;  but  we  have  records  that  the 
manufacturers  of  Manchester  bought  cotton  wool  in  London 
which  came  from  Cyprus  and  Smyrna,  and  worked  it  into 
fustians,  vermilions,  and  dimities.  These  goods  were  woven 
chiefly  at  Bolton,  and  finished  by  the  Manchester  dealers. 

It  is  curious  to  trace  the  progressive  increase  of  any  de- 
scription of  manufacture,  particularly  that  of  cotton,  which  has 
attained  to  such  colossal  dimensions.  In  early  times  the  weaver 
provided  his  own  warp,  which  was  of  linen  yarn,  and  cotton  for 
his  weft;  buying  these  where  he  could  best  supply  himself.  In 
this  way,  every  cottage  formed  an  independent  factory ;  the 
cotton  was  carded  and  spun  by  the  female  part  of  the  family, 
and  the  cloth  woven  by  the  father  and  his  sons. 
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Such  was  the  state  of  the  cotton  manufacture  before  the 
introduction  of  power  machinery,  and  the  division  of  labour 
and  the  separation  of  the  different  processes  into  distinct  em- 
ployments. At  this  time  the  workman  had  usually  his  residence 
in  the  country,  where,  with  a  little  garden  and  perhaps  grass 
for  a  cow,  he  carried  on  his  trade  and  earned  a  comfortable 
subsistence.  '  How  much  more,'  says  a  •  philanthropic  writer, 
« of  the  comforts  of  life  and  of  the  means  of  natural  enjoyment 
belong  to  this  state  of  manufacture  than  to  the  more  advanced, 
in  which  combined  systems  of  machinery  and  a  more  perfect 
division  of  labour  collect  the  workmen  into  factories  and 
towns  ! 9 

It  will  not  be  necessary  to  enumerate  here  the  well-known 
improvements  of  Arkwright,  Hargreaves,  and  Crompton,  or  the 
changes  which  followed  the  introduction  of  machines  for  carding, 
roving,  and  spinning.  Suffice  it  to  observe  that  these  improve- 
ments inaugurated  a  new  system  of  operations,  and  created  a 
new  demand  for  power  and  the  means  of  transmitting  it  to  the 
different  machines  required  in  the  manufacture.  It  was  about 
this  time  and  at  a  rather  later  period  that  the  improvements 
of  the  motive  power  and  machinery  of  transmission  were  in- 
troduced. 

To  the  steam  engine  in  the  first  place,  and  subsequently  to 
the  improved  machinery  and  mill-work,  we  may  attribute  the 
present  gigantic  extent  of  our  manufactures.  The  factory  sys- 
tem,which  has  supplanted  the  cottage  manufacture,  has  enlarged 
the  resources  of  the  country  far  beyond  those  of  any  former 
period.  This  island  stands  pre-eminent  in  productive  industry  ; 
and  it  is  a  source  of  pride  and  gratification  to  find  that  these 
blessings,  springing  out  of  the  application  of  physico- mechanical 
science,  have  been  attained  by  the  skill  and  indomitable  per- 
severance of  our  own  countrymen. 

To  the  immediate  action,  foresight,  and  intelligence  of  the 
Government  of  this  country,  the  workers  in  coal,  iron,  and 
cotton  are  under  no  obligation  ;  but  they  owe  much  to  their 
own  invention,  skill,  and  industry  in  the  prosecution  and  de- 
velopment of  these  pursuits,  and  the  only  merit  that  can  be 
claimed  by  the  Government  is  its  non-interference  and  the 
protection  it  affords  through  the  laws  of  the  kingdom,  which 
give  security  to  property  and  to  individual  exertion  in  the 
varied  departments  of  productive  industry.    Further,  Dr.  Ure, 


Digitized  by  Google 


IRON  MANUFACTURES. 


0 


in  his  *  Philosophy  of  Manufactures,'  argues  that  'the  con- 
stant aim  of  scientific  improvements  in  manufactures  is  philan- 
thropic, as  they  tend  to  relieve  the  workman  either  from  niceties 
of  adjustment,  which  exhaust  his  mind,  or  from  painful  repe- 
tition of  efforts  which  distort  or  wear  out  his  frame.'  Illustra- 
tions of  this  truth  are  presented  every  day  from  the  remarkable 
extent  to  which  labour  is  saved  by  self-acting  machines,  all  of 
them  within  the  domain  of  automatic  science,  and  producing  a 
result  of  superior  quality  and  beauty  in  the  manufacture. 

The  division  of  labour  carried  out  by  means  of  the  factory 
system  is  not  exclusively  applied  in  the  manufacture  of  cotton, 
"  flax,  silk,  and  woollen  cloths ;  it  pervades  almost  the  whole  of 
our  manufacturing  industry,  and  is  beginning  to  show  itself  in 
mining  and  agriculture,  and  the  time  is  probably  not  far  distant 
when  we  shall  witness  almost  every  operation  of  the  human 
hand  carried  on  by  a  system  of  divided  activity,  equally  con- 
ducive to  the  interests  of  individual  enterprise  and  to  the 
public  benefit. 

The  term  Factory,  according  to  Dr.  Ure,  designates  '  the 
combined  operation  of  many  orders  of  workpeople,  adult  and 
young,  tending  with  assiduous  skill  a  system  of  productive 
machines,  continuously  impelled  by  a  central  power.  This 
definition  includes  cotton  mills,  flax  mills,  silk  mills,  woollen 
mills,  and  certain  engineering  works,  but  it  excludes  those  in 
which  the  mechanisms  do  not  form  a  connected  series,  or  are 
not  dependent  upon  one  prime-mover.'  The  factory  system  is 
so  much  extended  since  these  words  were  written  as  to  change 
the  relations  of  labour,  and  to  affect  almost  every  manufacturing 
process.  It  has  created  a  much  higher  and  more  intelligent 
class  of  workmen  than  existed  under  the  hand  system,  more 
respectable,  better  paid,  better  housed,  and  better  clothed  than 
heretofore. 

Ikon  Manufactures. — We  are  at  the  present  time  in  a 
state  of  transition  in  the  manufacture  of  iron  and  steel,  which 
is  making  rapid  strides  towards  improvement.  The  inventive 
talent  of  the  country  has  been  directed  to  this  object,  and  the 
production  of  homogeneous  plates,  having  the  elasticity  and 
tenacity  of  steel,  together  with  the  improvements  of  Mr. 
Bessemer,  Mr.  Clay,  and  others,  are  likely  to  produce  a  com- 
plete revolution  by  a  greatly  increased  economy  in  the  produc- 
tion of  iron.    Mr.  Bessemer  is  now  proposing  to  roll  plates  in 
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the  form  of  a  continuous  web  from  liquid  metal,  run  direct  from 
the  furnace  to  the  rolls.  We  cannot  vouch  for  the  success 
of  this  enterprise,  but  we  are  most  anxious  to  see  its  results 
realised ;  and  there  cannot  exist  a  doubt,  from  the  number  of 
able  chemists  and  practical  men  at  work,  that  the  iron  trade  of 
this  country  is  destined  to  undergo  a  great  change,  and  perhaps 
with  as  much  benefit  as  was  accomplished  by  Mr.  Cort  on  the 
introduction  of  the  puddling  and  rolling  processes. 

In  the  machinery  department  of  iron  manufacture  there  is 
nothing  to  boast  of ;  it  is  still  crude  and  rough  in  its  character, 
perhaps  necessarily  so,  on  account  of  its  liability  to  breakage  in 
rolling,  and  other  processes  requiring  great  power.  It  is,  how-  ■ 
ever,  possible,  that  the  processes  now  in  progress  may  in- 
troduce new  and  more  perfect  machinery  into  the  manufacture, 
and  that  the  ironmaster  may  calculate  with  the  same  certainty 
upon  continued  progress  in  his  manufacture  as  now  exists  in 
trades  where  machinery  is  employed. 

Although  much  change  has  not  been  effected  in  the  ma- 
chinery of  the  iron  manufacturer,  considerable  improvements 
have  nevertheless  been  made  in  the  smelting  of  the  ores,  and 
since  the  introduction  of  hot  blast  by  Mr.  Neilson  the  pro- 
duction of  the  furnaces  has  been  more  than  doubled.  Looking 
forward,  therefore,  to  the  improvements  and  changes  now  in 
progress,  we  may  reasonably  conclude  that  a  new  era  is  not  only 
imminent,  but  has  in  great  part  been  accomplished.  The  same 
progress,  and  even  greater  improvements,  are  observable  in  the 
conversion  of  iron  into  steel ;  and  probably  the  time  is  not  far 
distant  when  we  shall  be  enabled  to  produce  from  the  same 
furnace  iron  in  either  a  cast  or  malleable  state,  or  steel,  as  may 
best  suit  the  requirements  of  the  manufacturer.  It  is  quite 
evident  that  our  increasing  knowledge  of  chemistry  in  iron 
manufactures  leads  to  these  results ;  and  by  a  still  closer  ad- 
herence to  chemical  research,  whereby  impurities,  such  as 
phosphorus,  sulphur,  &c,  are  removed,  the  process  just  alluded 
to  will  be  fully  and  satisfactorily  realised. 

In  addition  to  the  changes  now  in  progress  in  the  manufac- 
ture of  iron  and  steel,  it  may  be  stated  that  a  new  system  of 
welding  by  compression  is  on  the  point  of  being  introduced  for 
the  purpose  of  consolidating  the  mass,  increasing  its  strength, 
and  giving  form  and  variety  to  the  article  required.  It  is  im- 
material whether  it  be  in  the  shape  of  a  plate  or  a  forging  for 
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particular  use — the  procesp  is  the  same,  namely,  by  statical  pres- 
sure calculated  to  the  extent  of  250  to  300  tons  upon  the  square 
foot.  This  force  is  imparted  to  the  mass  by  the  hydraulic 
press  at  a  welding  heat,  and  the  impression  of  the  mould  is 
faithfully  given  when  left  to  cool  under  pressure.  It  has  yet 
to  be  seen  what  is  the  effect  of  this  new  process,  but  I  believe 
it  is  in  successful  operation  by  Mr.  Hassal  at  Vienna. 
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SECTION  II. 

PRINCIPLES  OF  MECHANISM. 
CHAPTER  I. 

GENERAL   VIEW8. — LINK- WORK. — WRAPPING   CONNECTORS.  — 
WHEEL-WORK. — 8LIDING  CONTACT. 

I.    GENERAL  VIEWS  RELATIVE  TO  MACHINES. 
Definitions  and  Preliminary  Expositions. 

1.  Mechanism  may  be  defined  as  the  combination  of  parts 
or  pieces  of  a  machine,  whereby  motion  is  transmitted  from 
the  one  to  the  other. 

2.  When  a  body,  or  any  piece  of  mechanism,  moves  in  a 
straight  line  it  is  said  to  have  a  rectilinear  motion,  and  when  it 
moves  in  a  curved  line  it  is  said  to  have  a  curvilinear  motion. 
When  a  point  moves  constantly  in  the  same  path  it  is  said  to 
have  a  cojitinuons  motion;  but  if  it  moves  backwards  and  for- 
wards it  is  said  to  have  a  reciprocating  motion.  We  may  have 
reciprocating  rectilinear  motions  as  well  as  reciprocating  cur- 
vilinear motions. 

If  a  body  moves  over  equal  spaces  in  equal  intervals  of  time, 
it has  a  uniform  motion;  but  if  it  moves  over  unequal  spaces 
in  equal  intervals  of  time,  it  has  a  variable  motion. 

3.  The  velocity  of  a  body  is  the  rate  at  which  it  moves.  In 
uniform  motion  the  velocity  is  constant;  but  in  variable  motion 
the  velocity  continually  changes.  If  the  velocity  of  a  body 
increase  it  is  said  to  be  accelerated,  and  if  the  velocity  decrease 
it  is  said  to  be  retarded. 

The  motion  of  a  body  is  said  to  be  periodical  when  it  under- 
goes the  same  changes  in  the  same  intervals  of  time. 

4.  In  order  to  express  the  velocity  of  a  body,  we  must  have 
a  certain  number  of  units  of  space  passed  over  in  a  certain  unit 
of  time.  It  is  customary  to  take  a  foot  as  the  unit  of  space, 
and  a  second  as  the  unit  of  time. 
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In  uniform  motion,  the  space  passed  over  is  equal  to  the 
product  of  the  velocity  by  the  time.  Thus,  let  s  bo  the  space 
in  feet,  t  the  time  in  seconds,  and  v  the  velocity  per  second ; 

then  *  =  v  t ...  (1) 

which  expresses  the  general  relation  of  space,  time,  and  velo- 
city, in  uniform  motions.  Any  two  of  these  elements  being 
given,  the  remaining  one  may  be  found ;  thus  we  have 

v  =  -  ...  (2),  and  t  =  -  ...  (8). 
t  v 

5.  If  the  velocity  in  one  certain  direction  be  taken  as  posi- 
tive, then  that  in  the  opposite  or  contrary  direction  will  be 
negative. 

6.  If  two  wheels  perform  a  revolution  in  the  same  time, 
their  angular  velocities  are  equal,  whatever  may  be  the  dimen- 
sions of  the  wheels.  The  angular  velocity  of  a  revolving  wheel 
or  rod  is  the  velocity  of  a  point  at  a  unit  distance  from  the 
centre  of  motion.  The  wheel  or  rod  will  revolve  uniformly 
when  the  angular  velocity  is  uniform.  If  a  be  the  angular 
velocity,  r  the  radius  of  the  wheel  or  length  of  the  rod,  v  the 
velocity  at  this  distance  from  the  centre  of  motion  ;  then 

a  —  —  =  (1),  and  v  =  a  r  ...  (2). 

T 

7.  The  motion  of  wheels  is  conveniently  expressed  by  the 
number  of  rotations  which  they  perform  in  a  given  time. 
Thus,  let  n  be  the  number  of  revolutions  performed  per  min., 
the  other  notation  being  the  same  as  in  Art.  6 ;  then 

v  =  -  7r  n  r  ...  (1),  and  n  =  ^-H  ...  (2). 
30  7r  r 

Or  substituting  a  for     see  formula  (1),  Art.  6, 

T 

n  =  ~A  ...  (3),  and  a  =  — -  n  n  ...  (4). 

Hence  the  number  of  turns  performed  in  a  given  time 
varies  as  the  angular  velocity. 

The  number  of  turns  which  two  wheels  respectively  make 
in  the  same  time  is  called  their  synchronal  rotations.  Let  q 
and  q  be  the  synchronal  rotations  of  two  wheels  whose  angular 

velocities  are  A  and  a,  respectively ;  then  ?  =  -  ;  that  is,  syn- 

q  a 

chronal  rotations  are  in  the  ratio  of  the  angular  velocities. 
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Example. — Let  a  wheel  whose  radius  is  6  ft.  perforin  50 
revolutions  per  min.,  required  1st,  the  velocity  of  its  circumfer- 
ence, and  2nd,  its  angular  velocity. 

Here,  by  eq.  (1),  n  =  50,  and  r  =  6 ;  then 

v  =  \  x  3-1416  x  50  x  6  =  31-416  ft.  per  sec. 

30 

And,  by  eq.  (4),  a  =  i  x  3*1416  x  50  =  5-236. 

8.  If  v  and  v  be  the  velocities  of  two  parts  of  a  piece  of 

mechanism,  then  -  is  the  velocity  ratio  of  these  parts.    Let  s 

v 

and  s  be  the  corresponding  spaces  described  in  the  same  time, 
then  when  the  motion  is  uniform 

v  s 

. .  =  _  =  a  constant ; 

V  8 

that  is,  when  the  velocities  are  uniform,  the  velocity  ratio  is 
constant. 

9.  If  the  velocity  ratio  of  the  two  parts  remains  constant, 
then,  however  variable  the  velocities  themselves  may  be,  we 

still  shall  have  -  =      where  s  and  s  are  the  entire  spaces  de- 

V  8 

scribed  in  the  same  interval  of  time. 

10.  When  a  body  moves  with  a  variable  motion,  its  velocity 
at  any  instant  is  determined  by  the  rate  at  which  it  is  moving" 
at  that  particular  instant ;  that  is,  by  the  space  which  it  would 
move  over  in  one  second,  supposing  the  motion  which  it  then 
has  to  remain  constant  for  that  time. 

Variable  motions  may  be  graphically  represented,  by  taking 

the  abscissa  of  a  curve  equal  to  the 
(i  lg*  '  units  of  time,  and  the  ordinates  equal 

to  the  units  of  the  corresponding 
velocities.    Thus,  let  a  b  be  equal  to 
the  units  of  velocity  at  the  com- 
.x   mencement  of  the  motion;  A  c  the 
units  in  interval  of  time;  c  d  the 
units  in  the  corresponding  velocity  ;  and  so  on ;  then  the  area 
of  the  curved  space  A  b  d  p  e  will  be  equal  to  the  space  de- 
scribed in  the  interval  of  time  represented  by  a  e. 

If  the  motion  be  uniform,  the  curve  b  d  f  will  become  a 
straight  line  parallel  to  o  x,  and  the  space  described  in  any 


Y 
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given  time  will  be  represented  by  the  area  of  a  rectangle, 
whose  length  is  equal  to  the  units  of  time,  and  breadth  equal 
to  the  units  of  velocity. 

If  the  motion  be  uniformly  accelerated  or  retarded,  the 
curve  b  d  p  will  become  a  straight  line  inclined  to  the  axis  o  x, 
and  the  space  described,  in  this  case,  will  be  represented  by 
the  area  of  a  trapezoid,  whose  base  is  equal  to  the  units  of 
time,  and  parallel  sides  respectively  to  the  velocity  at  the  com- 
mencement and  end  of  that  time. 

11.  The  parts  of  a  machine. — A  machine  consists  of  three 
important  parts. 

(1.)  The  parts  which  receive  the  work  of  the  moving  power 
— these  may  be  called  receivers  op  work. 

(2.)  The  parts  which  perform  the  work  to  be  done  by  the 
machine — these  may  be  called  working  parts,  or  more  simply, 
operators. 

(3.)  The  mechanism  which  transmits  the  work  from  the 
receivers  to  the  working  parts  or  operators — these  pieces  of 
mechanism  may  be  called  communicators  of  work,  or  the 

TRANSMISSIVE  MACHINERY. 

The  form  of  the  mechanism  must  always  be  determined 
from  the  relation  subsisting  between  the  motions  of  the 
receivers  and  operators. 

If  there  were  no  loss  of  work  in  transmission  (from  friction, 
&c.)  the  work  applied  to  the  receiver  would  always  be  equal  to 
the  work  done  by  the  operator.  Thus,  let  p  be  the  lbs.  pressure 
applied  to  the  receiver,  and  s  the  space  in  feet  which  it  moves 
over  in  a  certain  time;  p,  the  lbs.  pressure  produced  at  the 
working  part,  and  s,  the  space  in  feet  which  it  moves  over  in 
the  same  time ;  then,  neglecting  the  loss  of  work  by  friction, 
we  have 

Work  applied  to  the  receiver  —  work  done  upon  the  operator, 
or  p  x  s  =  p,  x  s,  ...  (1). 

However,  it  must  be  borne  in  mind,  that  the  actual  or  useful 
work  done  by  a  machine  is  always  a  certain  fractional  part  of 
the  work  applied  ;  this  fraction,  determined  for  any  particular 
machine,  is  called  the  modulus  of  that  machine.  If  to  be  put 
for  this  modulus,  then  we  have  from  eq.  (1) 

TO   X   P   X   8  =  P,    X  8,  ...  (2). 

In  treating  of  the  motion  of  these  parts  of  a  machine  it  is 
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generally  most  convenient  to  find  an  expression  for  their  pro- 
portional velocities.   Thns,  let  v  be  the  velocity  of  the  receiver, 

and  v,  that  of  the  operator;  then  —  is  their  velocity  ratio. 
(See  Art.  8.) 

It  must  be  observed,  that  this  velocity  ratio  is  not  at  all 
affected  by  the  actual  velocities  of  the  parts,  provided  the 
velocity  ratio  of  the  mechanism  be  constant  for  all  positions. 
In  the  more  ordinary  pieces  of  mechanism  (such  as  common 
toothed  wheels,  wheels  moved  by  straps,  levers,  &c.)  the 
velocity  ratio  is  constant ;  that  is  to  say,  it  remains  the  same 
for  all  positions  of  the  mechanism. 

In  eq.  (1)  s  may  be  taken  as  the  velocity  of  the  power  p, 
estimated  in  the  direction  in  which  it  acts,  and  s,  that  of  the 
resistance  p,  ;  then  this  equality  becomes 

p  x  v  =  p,  x  v,  ...  (3), 


the  velocity  ratio  ...  (4). 


p 

Now  —   is  called  the  advantage  gained  by  the  machine,  or 

the  number  of  times  that  the  resistance  moved  is  greater  than 
the  power  applied.  Hence  the  advantage  gained  by  a  machine, 
irrespective  of  friction,  &c,  is  equal  to  the  velocity  of  the 
power  divided  by  the  velocity  of  the  resistance,  or  the  velocity 
ratio  of  the  power  and  resistance. 

This  is  called  the  principle  of  virtual  velocities.  Workmen 
express  this  dynamic  law  by  saying,  *  What  is  gained  in  power 
is  lost  in  speed.' 

12.  The  directional  relation  of  the  motion  of  the  re- 
ceiver and  the  operator  admits  of  every  possible  variation.  It 
may  be  constant  or  it  may  be  variable.  By  the  intervention  of 
mechanism  rectilinear  motion  may  be  converted  into  curvilinear 
motion,  and  conversely;  reciprocating  rectilinear  or  circular 
motion  may  be  converted  into  continuous  circular  motion,  and 
conversely ;  and  so  on  to  the  various  possible  combinations  of 
which  the  cases  admit.  These  directional  changes  are  so 
important,  in  a  practical  point  of  view,  that  some  eminent 
writers  on  mechanism  have  made  them  the  basis  of  the  classi- 
fication of  mechanism.  But,  however  eligible  in  a  practical 
point  of  light  such  a  classification  may  be,  there  is  complexity 
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in  its  application,  which  renders  it  less  suitable  for  scientific 
purposes  than  that  method  of  classification  which  is  based 
upon  the  nature  or  mode  of  action  of  certain  elementary  pieces 
of  mechanism  which  enter,  more  or  less,  into  every  mechanical 
combination. 

Elementary  Forms  of  Mechanism. 

13.  In  analysing  the  parts  of  a  machine  we  find  motion 
transmitted  by  jointed  rods  or  links,  by  straps  and  cords,  by 
wheels  rolling  on  other  wheels,  and  by  pieces  of  various  forms 
sliding  or  slipping  on  other  pieces.  Hence  we  have  the  follow- 
ing elementary  forms  of  mechanism  i 

(1.)  Transmission  of  motion  by  jointed  rods, — Link-work. 

(2.)  By  straps,  cords,  &c, — Wrapping  Connectors. 

(3.)  By  wheels  or  curved  surfaces,  revolving  on  centres, 
rolling  on  each  other, — Wheel-work. 

(4.)  By  pieces  of  various  forms,  sliding  or  slipping  on  each 
other, — Sliding  Pieces. 

14.  The  velocity  ratio,  as  well  as  the  directional  relation,  in 
an  elementary  piece  of  mechanism  may  be  either  constant  or 
varying.  The  number  of  combinations  of  which  these  elemen- 
tary pieces  admit,  is  almost  unlimited.  The  eccentric  wheel  is 
a  combination  of  sliding  pieces  and  link-work.  The  common 
crane  is  a  combination  of  wheel-work,  link-work,  and  wrapping 
connectors;  and  so  on  to  other  cases. 

A  train  of  mechanism  must  be  supported  by  some  frame- 
work ;  the  train  of  pieces  being  such,  that  when  the  receiver  is 
moved  the  other  pieces  are  constrained  to  move  in  the  manner 
determined  by  the  mode  of  their  connection.  Eevolving  pieces, 
such  as  wheels  and  pulleys,  are  so  connected  with  the  frame  that 
every  portion  of  them  is  constrained  to  move  in  a  circle  round 
the  axis;  and  sliding  pieces  are  constrained  to  move  in  straight 
lines  by  guides. 

Mechanism  is  to  a  great  extent  a  geometrical  inquiry.  The 
motion  of  one  piece  in  a  train  may  differ,  both  in  kind  and 
direction,  from  the  motion  of  the  next  piece  in  the  series : 
these  changes  are  effected  by  the  geometrical  construction  of 
the  pieces,  as  well  as  by  their  mode  of  connection.  The  in- 
vestigation of  the  law  of  these  changes  constitutes  one  of  the 
chief  objects  of  the  principles  of  mechanism, 

c 
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n.  ON  LINK-WORK. 

15.  If  a  bent  rod  or  lever  a  c  b  turn  upon  the  centre  c,  the 
velocities  of  the  extremities  a  and  b  will  be  to  each  other  in 
the  ratio  of  their  distances  from  the  centre  of  motion  c;  that  is, 
velocity  a  _  circum.  cir.  a  q,  a_c 
velocity  b      circum.  cir.  bq       b  c 

Fig.  4.  Fig.  5. 


It  is  not  necessary  that  the  arms  a  c  and  b  c  should  be 
in  the  same  plane.  Thus  let  c  D  be  an  axis  round  which  the 
arms  a  e  and  B  p  revolve ;  then 

velocity  a      perpend,  dis.  a  from  the  axis 
velocity  B      perpend,  dis.  b  from  the  axis" 

Fig.  c. 


ft 


16.  Let  a  B,  B  D,  D  E,  be  a  series  of  levers  turning  on  the 
fixed  centres  c,  Q,  and  r;  then  when  the  arcs  through  which 
the  extremities  a  and  e  are  moved  are  small  the  velocity  ratio 
will  be  expressed  by  the  following  equality : 

Velo.  A        A  C.  BQ.  D  R  m 

veto,  e  bg.dq.eb' 
that  is  to  say,  the  velocity  ratio  of  p  and  P,  is  found  by  talcing 
the  product  of  the  lengths  of  the  arms  lying  towards  P,  and 
dividing  by  the  product  of  those  lying  towards  Pr 

17.  To  find  the  velocity  ratio  of  the  rods  A  B  and  c  D  turning 
on  the  fixed  centres  A  and  d  ;  and  connected  by  the  link  B  c. 
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Through  tlie  centres  a  and  d,  draw  the  straight  line  dea, 

cutting  c  B  in  e  ;  and  from  A  and  d  let  fall  the  perpendiculars 

a  g  and  d  k  upon  c  b,  or  it  may  be  upon 

c  b  produced.    Then  Fig'  7' 

ang.  velo.  DC      AG     n  ^ 
—  —       ...  ^i^ , 

ang.  velo.  a  b  d  k 
that  is  to  say,  the  angular  velocities  of  tlie 
rods  D  C  and  a  B  are  to  each  other  in  the 
inverse  ratio  of  the  'perpendiculars  let  fall 
from  their  respective  axes  upon  the  direc~ 
turn  of  the  link. 

Similarly  we  also  have, 

ang.  velo.  dc  =  ajb     ,~\ . 
ang.  velo.  a  b  ~"  d  e  * 
that  is  to  say,  the  angular  velocities  of 
the  rods  D  c  and  a  b  are  to  each  other  in 
the  inverse  ratio  of  the  segments  into 
which  the  link  divides  the  line  joining  their  axes. 

These  velocity  ratios  are  obviously  varying,  depending  upon 
the  relative  positions  of  the  rods. 

18.  The  Crank  and  Great  Beam.— Let  a  b  represent  one 
half  of  the  great  beam  of  a  steam  engine,  d  c  the  crank,  and 
b  c  the  connecting  rod.    Putting    for  the  angle  dcb,  and 
for  the  angle  abc;  then 

velo.  crank  _sin  /3X 
velo.  crank    sin  /S 
When  the  connecting  rod  b  c  is  very  long  as  compared  with 
the  length  of  the  crank  d  c,  then     is  nearly  constant,  being 
nearly  equal  to  90°,  in  this  case,  eq.  (1)  becomes 

velo.  crank  _1_ 
velo.  beam      sin  0 
The  crank  must  be  in  the  same  straight  line  with  the  con- 
necting rod,  at  the  highest  and  lowest  points  of  the  stroke  of 
the  beam,  and  then       0.   In  these  positions  the  crank  is  said 
to  be  at  its  dead  points. 

The  velocity  ratio,  expressed  by  eq.  (2),  will  be  a  maximum 
when  #  =  0 ;  that  is,  the  velocity  of  the  crank  will  be  a  maxi- 
mum when  it  is  in  its  dead  points.  When  #  m  90°,  or  when  the 
crank  is  at  right  angles  to  the  connecting  rod,  then  the  velocity 
of  the  crank  is  a  minimum. 

c  2 


...  (1). 
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If  B  =  a  b,  or  one-half  the  length  of  the  great  beam  ;  r  = 
D  c,  the  length  of  the  crank ;  and  a  =  the  angular  oscillation 
of  the  beam,  or  the  whole  angle  described  by  the  beam  in  one 
stroke;  then 

r  =  r  sin  -  ...  (8) 

which  expresses  the  length  of  the  crank  in  terms  of  the  radius 
of  the  beam  and  angle  of  its  stroke. 

A  double  oscillation  of  the  beam  produces  one  complete  rota- 
tion of  the  crank ;  or  conversely,  taking  the  crank  as  the  driver, 
each  rotation  of  the  crank  produces  a  double  oscillation  in  the 
beam. 

From  eq.  (1)  it  follows,  that  the  velocity  of  the  crank  is  equal 
to  the  velocity  of  the  beam,  when  @=ftl  or  angle  DC  Bis  equal 
to  angle  abc;  that  is,  when  the  position  of  the  crauk  is  parallel 
to  that  of  the  beam. 

By  this  form  of  the  crank  the  reciprocating  circular  motion 
of  the  extremity  of  the  beam  is  changed  into  a  continuous 
circular  motion;  and  conversely  a  continuous  circular  motion  is 
changed  into  a  reciprocating  circular  motion. 

19.  To  determine  the  various  relations  of  position  and  velocity 
of  lite  CRANK  and  piston  in  a  locomotive  engine. 

Here  the  connecting  rod,  d  e,  is  attached  to  the  extremity 
of  the  piston  rod,  P  D,  and  the  length  of  the  stroke  of  tlie  piston 


Fig.  8. 


is  equal  to  double  the  length  of  the  crank,  f  E.  Moreover,  the 
centre,  f,  of  the  crank  is  in  the  same  straight  line  with  the 
axis  of  the  cylinder,  or  the  direction  of  the  piston  rod. 

Let  /  =  d  e,  the  length  of  the  connecting  rod ; 
/,  =  p  D,  the  length  of  the  piston  rod ; 
r  =  f  E,  the  length  of  the  crank ; 
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k  =  p  d,  the  varying  distance  of  the  extremity  of  the 
piston  rod  from  the  axis  of  the  crank ; 

h  =  the  corresponding  height  of  the  stroke  of  the 
piston ; 

fi  =  the  varying  angle,  fed,  which  the  crank  forms 
with  the  direction  of  the  connecting  rod. 

(1.)  The  velocity  ratio  of  the  crank  and  piston  is  expressed  by 
the  following  equality : 

velo.  crank        k  m 
velo.  piston""  /  sin  0  "'  " 

=  -r^  ...  (2), 
sin  /3 

where  $  in  eq.  (2)  is  put  for  angle  kfd;  that  is,  the  angle 
which  the  crank  makes  with  the  direction  of  the  piston  rod. 

This  latter  form  of  the  expression  is  the  same  as  that  given 
in  eq.  (2),  Art.  18. 

(2.)  When  the  piston  is  at  the  bottom  point  of  its  stroke, 
its  distance  from  p=PE  +  ED  +  DP  =  r  +  /  +  /,;  also  p  d  = 

FE  +  DE  =  r  +  l. 

When  the  piston  is  at  the  middle  point  of  its  stroke,  then 
F  D  =  e  D ;  that  is  to  say,  in  this  position  of  the  piston  D  E  P 
will  be  an  isosceles  triangle. 

(#.)  The  position  of  the  crank  at  any  point  of  the  stroke  of  the 
piston  is  determined  by  the  two  following  general  equations: 

k  =  r  +  l-h  ...  (3). 

When  the  piston  is  at  the  middle  point  of  its  stroke,  then 
h  =  r,  and  eq.  (4)  becomes 

cos  0=o  • ...  (5). 

When  the  crank  is  at  right  angles  to  the  connecting  rod 
=  90°,  and  then  we  find  from  eq.  (4), 

h=r+l-  ✓  r»+7«'"  (6)* 

This  expression  is,  obviously,  less  than  r,  or  half  the  whole 
stroke  of  the  piston.  Hence  it  appears  that  the  crank  is  at 
right  angles  with  the  connecting  rod  before  the  piston  has 
attained  the  middle  point  of  its  upward  stroke. 

20.  Fig.  9  shows  how  a  rotation  of  the  axis  A  is  transmitted 
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Fig.  9. 


to  another  c,  by  means  of  the  two  equal  cranks  a  b  and  c  d, 
connected  by  the  connecting  rod  d  b,  whose  length  is  equal  to 

the  distance,  a  c,  between  the  two  axes.  In  all 
positions  of  the  cranks,  the  figure  abcd  will 
be  a  parallelogram,  and  the  velocity  of  d  will 
always  be  equal  to  the  velocity  of  b,  and  the 
motion  of  the  axis  c  will  be  exactly  the  same  as 
that  of  the  axis  a. 

21.  Two  sets  of  cranks  may  be  placed  upon 
the  axes,  having  the  cranks  on  each  axis  at 
right  angles  to  each  other,  similar  to  the  mode 
of  connecting  the  wheels  of  a  locomotive  en- 
j§)0  gine,  as  shown  in  fig.  10,  where  the  cranks  are 
formed  by  bending,  or  loops  made  in  the  axes. 
^  jj    These  axes  must  be  parallel  to  each  other,  and 

 &     the  connecting  rods  must  also  be  of  equal 

lengths. 

The  advantage  of  this  combination  consists  in  maintaining 
a  constant  moving  pressure,  by  which  means  an  equable  motion 
is  sustained  without  the  aid  of  the  inertiae  of  the  machinery. 

22.  The  double  universal  joint  represented  in  fig.  11  fur- 
nishes another  example  of  link-work  for  transmitting  motion 


Fig.  10. 


Fig.  11, 


from  One  axis  to  another  axis.  This  useful  piece  of  mechanism 
should  be  constructed  so  that  the  extreme  axes,  a  b  and  c  d, 
would  meet  in  a  point,  if  produced,  and  the  angles  which  they 
respectively  make  with  the  central  line  of  the  intermediate 
piece,  e  p  h  o,  shnll  be  equal  to  each  other. 
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TO  CONSTRUCT  WATT'S  PARALLEL  MOTION. 

23.  This  beautiful  and  useful  piece  of  mechanism  is  formed 
by  a  combination  of  link-work. 

Let  a  b  and  c  d  (see  figs.  12  and  13)  be  two  rods,  turning 
on  the  fixed  centres  a  and  d,  and  connected  together  by  the 

Fig.  12. 


Fig.  13. 


short  link  c  b  ;  then,  when  motion  is  given  to  the  rods,  there 
is  a  certain  point,  e,  in  the  link  c  B,  which  will  move,  or  very 
nearly  move,  in  a  straight  line.  In 
matter  of  fact  the  path,  or  locus,  of 
this  point  is  a  curve  of  the  fourth 
degree ;  but  when  the  motion  of  the  ic 
rods  is  limited,  and  their  lengths  are 
considerable  as  compared  witli  the 
length  of  their  connecting  link,  this 
path  becomes  almost  exactly  a 
straight  line. 

In  fig.  13,  c  b  k  r  is  a  parallel  frame  of  links ;  to  the  joint 
r  is  attached  the  piston  rod  r  p  of  the  steam  engine ;  and  to 
the  point  e  is  attached  the  piston  rod  of  the  air-pump. 

(I.)  To  find  the  point  e  (see  fig.  12)  to  which  the  air-pump 
rod  must  be  attached,  having  given  the  radius  rod  c  D,  the  link 
c  B  or  Q  G,  and  the  rod  abotag  forming  a  part  of  the  great 
beam. 

Let  d  Q,  a  g  be  an  extreme  position  of  the  rods.  Let  the 
rods  be  moved  to  the  position  a  b  c  d,  where  the  link  c  b  is 
perpendicular  to  a  b  and  D  c.  Produce  b  c,  meeting  the  link 
q  g  in  the  point  E  ;  then  e  will  be  that  point  of  the  link  which 
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will  most  nearly  move  in  a  vertical  straight  line.  The  ratio  of 
Q  E  to  G  E  is  generally  expressed  by  the  following  equality : 


E       r  . 


b 


where  r  =  ab,  r  =  d  c,  «  =  angle  cdq,  an  J  a  =  angle  bag. 
Practically,  the  link  Q  o  or  c  B  deviates  very  little  from  the 

vertical ;  and  the  angles  a  and  a  are  small ;  hence,  r  sin  ,  = 
r  sin  £  very  nearly in  this  case,  therefore,  eq.  (1)  simply 

23 

becomes 

^?-=R...  (2); 
G  E  r 

and  from  this  equality  we  readily  find, 

oE  =  DQXGQ 
D  Q  +  A  G 

which  gives  the  position  of  the  point  e,  as  required. 

When  d  q  =  A  g,  then  g  e  =  ~ -  ;  that  is  to  say,  in  this 

case,  the  point  e  is  at  the  middle  of  the  link  q  g  or  c  d. 

Example,.— Let  a  B  or  a  g  =  5  ft. ;  d  c  or  d  q  =  4  ft. ;  and 
c  b  or  g  q  =  1  -5  ft. ;  then  by  eq.  (3)  we  have 

4  +  a  3 

(2.)  To  find  the  length  of  the  radius  rod  d  C  (see  fig.  13), 
when  the  divisions,  a  b  and  B  K,  on  the  beam  are  given. 
In  this  case, 

a  b* 

The  radius  rod,  dc=        ...  (4). 

B  K 

When  a  B  =  B  k,  then  dc  =  ab;  that  is,  in  this  case,  the 
radius  rod  will  be  equal  to  the  division  a  b  on  the  beam. 

Example.—  Let  a  b  =  G  ft.,  and  B  K  =  4  ft.  ;  then  by  eq. 
(4)  we  have 

The  radius  rod.  dc  =  6-  =  9  ft. 

4 

To  multiply  Oscillations  by  means  of  Link-work. 
24.  Fig.  14  represents  a  system  of  links  b  a  c,  c  d,  and  d  e, 
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turning  on  the  fixed  centres  a  and  e,  and  having  the  arms  a  b 
and  a  c  united  to  the  same  centre  a.  The  construction  is  such, 
that  while  the  rod  a  b  makes  a  single  oscillation  from  b  to  i, 
the  rod  e  d  will  make  a  double 
oscillation,  viz.,  from  d  to  f,  and 
back  from  p  to  d.  The  oscilla- 
tions of  a  b  are  produced  by  the  * 
rotation  of  a  crank  (see  Art.  17), 
or  by  any  other  means. 

The  conditions  of  the  con- 
struction may  be  stated  aa 
follows: 

Given  the  lengths  of  the 
arms  a  c  and  e  d,  the  lengths 
or  angles  of  their  oscillations, 
and  the  length  of  the  connect- 
ing link  c  D,  to  construct  the 
mechanism,  so  that  the  rod  e  d 
shall  perform  two  oscillations 
whilst  a  b  makes  one. 

Let  b  A  c  be  the  position  of 
the  bent  lever  at  the  commence- 
ment of  the  upward  oscillation. 
Draw  a  i  and  a  h,  making  the  angles  bai  and  c  A  H  each  equal 
to  the  angle  of  the  oscillation.  From  a  as  a  centre,  with  a  b 
and  a  c  as  radii,  describe  the  arcs  b  i  and  c  H.  Through  a 
draw  AGP,  bisecting  the  angle  CAE,  cutting  the  arc  c  H  in  o. 
On  a  o  f  take  a  p,  equal  to  the  sum  of  the  rods  a  c  and  c  d,  and 
make  p  d  equal  to  the  given  length  of  the  oscillation  of  E  D. 
From  D  and  p  as  centres,  with  a  radius  equal  to  the  length  of 
the  rod  e  d,  describe  circles,  cutting  each  other  in  e  ;  then  e  will 
be  the  centre  of  the  rod  e  d,  which  will  perform  two  oscilla- 
tions whilst  the  rod  a  b  makes  one. 

When  a  b  and  a  c  are  in  the  middle  points  of  their  oscilla- 
tions, the  rod  e  d  will  have  the  position  e  p;  that  is,  it  will 
have  performed  a  complete  upward  oscillation.  When  a  b  and 
A  c  have  performed  the  remaining  halves  of  their  oscillations, 
the  rod  e  f  will  have  returned  to  the  original  position  ;  that  is, 
it  will  have  performed  a  complete  downward  oscillation. 

In  like  manner  the  oscillations  may  be  further  multiplied  by 
connecting  e  n  with  another  series  of  links. 
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To  produce  a  Velocity  which  shall  be  rapidly  retarded  by 

means  of  Link-work. 

25.  In  fig.  15,  R  a  c  and  e  d  represent  two  rods,  turning  on 
fixed  centres  a  and  e,  and  connected  by  a  link  o  d  :  the  rod  e  d 
is  supposed  to  oscillate  uniformly  between  the  positions  e  d  and 
e  f.  Now  the  construction  is  such  as  to  produce  a  rapidly  re- 
tarded motion  of  the  rod  r  c  in  moving  from  the  position  rag 
to  the  position  sab,  and  conversely. 

The  conditions  of  the  construction  may  be  stated  as  follows: 
Given  the  rods  e  d  and  d  c  in  position  and  magnitude,  the 


Fig.  15. 


angle  of  oscillation  dep,  and  the  length  of  the  rod  a  c  to  con- 
struct the  mechanism. 

Bisect  the  arc  d  f  in  g,  and  then  bisect  the  arc  F  o  in  K ; 
through  the  points  K  and  E  draw  the  straight  line  K  E  o ;  from 
D  and  k  as  centres,  with  a  radius  equal  to  the  length  of  the 
link  D  c,  describe  arcs  cutting  keg  in  the  points  c  and  b  ; 
from  b  and  c  as  centres,  with  a  radius  equal  to  the  length  of 
the  rod  a  c,  describe  arcs  cutting  each  other  in  the  point  a  ; 
then  a  will  be  the  centre  of  the  rod  a  o. 

When  the  rod  e  d  arrives  at  the  position  e  g,  the  rod  bag 
will  have  the  position  sab  very  nearly,  and  it  will  have  moved 
with  a  rapidly  retarded  motion.    During  the  remaining  half  of 


Digitized  by  Google 


RECIPROCATING  INTERMITTENT  MOTION. 


27 


the  oscillation  g  p,  the  rod  8  a  b  will  remain,  virtually, 
stationary. 

This  piece  of  mechanism  was  first  employed  by  Watt  for 
opening  the  valves  of  the  steam  engine. 

To  produce  a  Reciprocating  Intermittent  Motion  by  means 

of  Link-work. 

26.  a  d  and  c  d  (fig.  16)  are  two  rods,  turning  on  the  fixed 
centres  a  and  d,  and  connected  by  a  link  n  c.  The  rod  a  b  is 
made  to  oscillate  between  the  positions  a  b  and  a  i,  by  means 
of  a  crank  and  connecting  rod.  The  construction  of  the  mecha- 

Fig.  16. 


nism  is  such,  that  the  rod  D  c  will  oscillate  between  the  positions 
d  c  and  d  p,  but  with  an  intermittent  motion. 

The  conditions  of  the  construction  may  be  stated  as  follows : 

Given  the  rods  a  b,  b  c,  and  c  d  in  position  and  magnitude, 
to  construct  the  mechanism. 

From  a  as  a  centre,  with  the  radius  A  B,  describe  the  arc  B  I ; 
through  o  and  A  draw  the  straight  line  gag,  meeting  the  arc 
in  o ;  make  G  E  equal  to  one-third  the  arc  g  b,  and  on  the  arc 
take  g  i  equal  to  G  E ;  on  the  line  o  AC  take  G  P  equal  to  B  0 ; 
then  half  the  chord  B  I  will  give  the  length  of  the  crank,  and 
c  p  will  be  the  arc  through  which  the  rod  d  o  oscillates. 

Bisecting  the  angle  bae,  &c,  the  position  of  the  rod  d'  o' 
is  found,  which  being  connected  with  b,  by  the  link  b  c',  will 
oscillate  exactly  in  a  contrary  manner  to  that  of  the  rod  d  c  ; 
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that  is  to  say,  when  d  c  is  stationary  d'  c'  will  be  in  motion, 
and  conversely. 

When  the  point  B  arrives  at  e,  the  rod  d  c  will  have  com- 
pleted, practically,  its  oscillation,  and  there  it  will  remain  sta- 
tionary until  the  rod,  turning  on  the  centre  a,  returns  from  the 
position  a  i  to  a  R. 

The  Ratchet-wheel  and  Detent. 

27.  In  fig.  17,  a  represents  the  ratchet-wheel  and  D  the 
Fig  17        detent,  falling  into  the  angular  teeth  of  the 

ratchet,  thereby  admitting  the  wheel  to  revolve 
in  the  direction  of  the  arrow,  but  at  the  same 
time  preventing  it  from  revolving  in  the  opposite 
direction. 

In  certain  kinds  of  machinery,  the  action  of 
the  moving  force  undergoes  periodic  intermis- 
sions ;  in  such  cases  the  ratchet  and  detent  are 
used  to  prevent  the  recoil  of  the  wheels,  and 
sometimes  to  give  an  intermittent  motion  to  the  wheel,  as  in 
the  following  example. 

Inteimittent  Motion  produced  by  Link-work  connected  with 

a  Ratchet-wheel. 

28.  b  e  is  a  rod,  turning  on  the  fixed  centre  B,  to  which  a 
reciprocating  motion  is  given  by  the  connecting  rod  c*  of  a 

crank,  or  by  any  other  means ;  e  p  is  a 
click,  jointed  to  the  rod  B  e  at  its  ex- 
tremity, and  gives  motion  to  the  ratchet- 
wheel  a.    At  each  upward  stroke  of  the 

o       rod  B  E,  the  click  e  f,  acting  upon  the 

saw-like  teeth  of  the  ratchet-wheel, 
causes  it  to  move  round  one  or  more 
teeth ;  and  when  the  extremity  f  of  the 
click  is  drawn  back  by  the  descent  of 
the  lever  be,  it  will  slide  over  the 
bevelled  sides  of  the  teeth  without  giving  any  motion  to  the 
wheel,  so  that  at  every  upward  stroke  of  the  rod  c  the 
ratchet-wheel  will  be  moved  round,  and  it  will  remain  at  rest 
during  every  downward  stroke  of  the  rod.  Thus  the  recipro- 
cating motion  of  the  connecting  rod  c  will  produce  an  inter- 
mittent circular  motion  in  the  axis  a. 


Fig.  18. 
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III.   ON  - WRAPPING  CONNECTORS. 


Fig.  11). 


FiflT.  20. 


29.  When  the  moving  force  of  the  machinery  is  not  very 
great,  cords,  belts,  and  other  wrapping  connectors  are  most 
usually  employed  in  transmitting  motion  from  one  revolving 
axis  to  another. 

30.  The  endless  cord  or  belt  abcd,  represented  in  figs.  19 
and  20,  passes  round  the  wheels  a  b  and  c  d,  revolving  on  the 

parallel  axes  r  k  and  q  f,  and 
transmits  motion  from  the  axis 
Q  f  to  the  axis  R  k,  with  a  con- 
stant velocity  ratio.  In  all  such 
cases  the  motion  is  entirely  main- 
tained by  the  frictional  adhesion 

|  \  ,         ^\JJ        °^  *ne  cor<*  or        to  the  surface 

U         i  \  of  the  wheel. 

When  the  cord  passing  round 
the  wheels  is  direct,  as  in  fig.  19, 
the  motions  of  the  wheels  take 
place  in  the  same  direction ;  and 
when  the  cords  cross  each  other, 
as  in  fig.  20,  the  motions  of  the  wheels  take  place  in  opposite 
directions. 

If  the  wheel  c  d  makes  one  revolution,  then 


No.  revo.  a  b  = 


circum.  c  D     radius  c  d 


...  (1). 


circum.  a  b      radius  a  b 

Or  putting  r  and  r  for  the  radii  of  the  wheels  c  d  and  a  b 
respectively,  and  q  and  q  for  their  respective  synchronal  rota- 
tions, then 

?  =  r-  ...  (2). 

Q  R 

Example. — If  the  radius  of  the  wheel  c  D  be  12  inches,  and 
that  of  a  b  9  inches,  what  will  be  the  least  number  of  entire 
revolutions  which  they  must  make  in  the  same  time? 

Here,  by  eq.  (2),  we  have 

<7_R_12_4 
Q      r      9  3* 

12  4 
The  fraction  —  reduced  to  its  least  terms  is  therefore 
9  o 

the  least  number  of  synchronal  rotations  are  4  and  3 ;  that  is 
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to  say,  whilst  the  wheel  c  d  makes  three  rotations,  the  wheel 
a  b  will  make  four. 

31.  Fig.  21  represents  a  system  of  three  revolving  axes,  in 

which  motion  is  transmitted  from 
one  to  the  other,  by  means  of  a 
series  of  belts. 

The  belt  being  direct  in  the 
wheels  a  and  d  c,  their  axes  will 
move  in  the  same  direction,  but, 
as  the  belt  crosses  in  passing  from  d  c  to  h  g,  their  axes  will 
move  in  opposite  directions. 

Here,  whilst  the  axis  b  makes  one  rotation,  the 

XT                       rad.  h  g  x  rad.  do  ,,v 
No.  rotations  a  =  —  ...  (1). 

rad.  e  p  x  rad.  I  K 

Or  putting  R,  =  rad.  d  c,  R,=rad.  H  G,  &c.,  r,  =  rad.  I  k, 
ra=rad.  E  P,  &c,  and  putting  q  and  q  for  the  synchronal  rota- 
tions of  the  first  and  last  axes  respectively  ;  then 

Ra  x  &c. 


,  x  r%  x  r3  x  &c 

Example. — In  the  mechanism  represented  in  fig.  21,  let 
R,  =  8,  Ra=15,  r,  =  5,  r,=4;  required  the  least  number  of  entire 
rotations  performed  in  the  same  time  by  the  axes  a  and  b. 

Here,  by  eq.  (2)  we  have 

q  _  8  x  15  _  6  t 
Q     5x4      1  ; 

that  is,  whilst  the  axis  B  makes  one  revolution,  the  axis  a  will 
make  six. 

32.  In  raising  buckets  from  deep  wells  or  from  pits,  a  con- 
tinuous cord  coils  round  an  axle  or  a  drum  wheel,  a*  the  case 
may  be,  the  full  bucket  being  attached  to  one  end  of  the  cord 
and  the  empty  bucket  to  the  other  end ;  the  rotation  of  the 
axle  coils  up  the  cord  to  which  the  full  bucket  is  attached  and 
at  the  same  time  uncoils  the  cord  to  which  the  empty  one  is 
attached,  so  that  whilst  the  former  is  ascending  the  latter  is 
descending. 

Speed  Pulleys. 

33.  Fig.  22  represents  an  arrangement  of  speed  pulleys ; 
A  b  and  c  d  are  two  parallel  axes,  upon  each  of  which  is  fixed 
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Fig.  22. 


M. 


•  t 

•  I 

■  > 


a  series  of  pulleys,  or  wheels,  adapted  for  a  belt  of  given  length, 
so  that  it  may  be  shifted  from  one  pair  of 
wheels  to  any  other  pair;  say,  for  example, 
from  the  pair  a  a,  to  the  pair  cc,.  In  order 
to  suit  this  arrangement,  if  the  belt  be  crossed, 
the  sum  of  the  diameters  of  any  pair  of  pulleys 
must  be  a  constant  quantity ;  that  is  to  say,  it 
must  be  equal  to  the  sum  of  the  diameters  of 
any  other  pair.  By  this  contrivance,  a  change 
in  the  velocity  ratio  of  the  two  axes  is  produced 
by  simply  shifting  the  belt  from  one  pair  to 
another. 

In  practice  it  is  customary  to  make  the  two 
groups  of  pulleys  exactly  alike,  the  smallest 
pulley  of  one  being  placed  opposite  to  the  largest  of  the  other. 

In  a  group  of  speed  pulleys,  let  8  =  the  constant  sum  of  the 
diameters  of  the  driver  and  follower,  D  =  the  diameter  of  the 
driver,  d=the  diameter  of  the  follower,  and  q,  q  the  number 

of  their  synchronal  rotations  respectively;   then  -=-»  an^ 

D  =  ?^_8...(l) 

Q  +  7 

,0X8  ! 

d  —  >  or  more  simply, 

=  8  —  D  ...  (2). 

Example. — Required  the  diameters  of  a  pair  of  speed  pulleys, 
when  the  sum  of  the  diameters  is  30  inches,  and  the  driver 
makes  two  revolutions  whilst  the  follower  makes  three. 

Here  8=30,  Q=2,  and  <j  =  3;  then  by  eq.  (1)  and  (2)  we 
have 

d  =  =  is  in. ;  and  (2  =  30-18=  12  inches, 

o 

If  the  constant  sum  of  the  diameters  of  a  group  of  5  pairs 
of  speed  pulleys  be  12  inches,  and  the  diameters  of  the  pulleys 
av  bv  e„  dv  e,,  be  10,  8,  6,  4,  and  2  inches  respectively,  then 
the  diameters  of  the  pulleys  a,  b,  c,  d,  e,  will  be  2,  4,  6,  8,  and 
10  inches  respectively;  and  as  the  strap  is  shifted  from  one 
pair  of  wheels  to  another,  the  relative  velocities  of  the  axes  c  d 
and  a  b  will  be  as  the  numbers  »  ,     1,2,  and  5. 

34.  It  is  customary  to  construct  the  pairs  of  speed  pulleys 


Digitized  by  Google 


:U  PRINCIPLES  UP  MKCHAM8M. 

so  that  the  rotations  of  the  follower  may  be  increased  or 
decreased  in  a  certain  geometric  ratio.  Thus,  if  r  be  this  ratio, 
then  for  5  pairs  of  speed  pulleys  we  shall  have  the  series  of 

terms  — ,  ?,  1,  r,  r*,  for  the  different  values  of  ^,  the  ratio  of 
r2'  r  q 

the  synchronal  rotations  of  each  pair.    Or  generally  if  »  be  the 

1  I  1,-3  »-l 

JO 

number  of  pairs,  then  »  «,  w  3,       r  ,  r  ,  will  be  the  different 


r2  r1 


values  of  ^.    In  this  case,  letD.,  d„,  ... ,  d"  =  the  diameters  of 

the  1st,  2nd,  ...  ,  and  nth  pulleys,  respectively,  on  the  driving 
axis ;  and  these  symbols,  taken  in  a  reverse  order,  will  be  the 
corresponding  diameters  of  the  pulleys  on  the  driven  axis  ;  then 

8  8 
D.  ^  D,  =  »z3,  and  so  on  ;  moreover  we  have 

1       i  +  r»  1  +  r« 

D  =  s  —  Dp  D..^,  =  s  —  D8 ;  and  so  on. 

Example, — -To  find  the  diameters  of  a  set  of  5  pairs  of  speed 

pulleys,  so  that  values  of  ?  (the  ratio  of  the  synchronal  rota- 
tions of  the  different  pairs)  shall  have  the  common  ratio  of  f, 
the  constant  sum  ot  the  diameters  of  each  pair  being  26  inches. 

Here  r  =  §,  n  =  5,  and  s  =  2G ;  then  from  the  foregoing 
formula)  we  find 

=T  +  (S)'  =  185,>'-l+-f-,**! 

c>6 

D3  =  TT(ir  =  13 ;  alldsoon- 

But  the  remaining  diameters  will  be  better  found  as  follows : 

Da  =  26  -  18  =  8;  d4  =  26  -  15J  =  10*. 

35.  Two  plain  cones,  having  their  axes  parallel,  as  shown 

in  Fig.  23,  will  obviously  answer  the  same 
Pip.  23.  purpose  as  the  ordinary  form  of  speed 

pulleys.  The  slant  faces  of  the  cones 
may  be  formed  by  any  continuous  curve ; 
but  with  this  condition — that  the  sum  of 
the  diameters  at  every  position  of  the  band 


i ! 


shall  be  a  constant, 
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Fig.  24. 


Guide  Pulleys. 

36.  By  the  intervention  of  guide  pulleys  the  direction  of 
cords  may   be  changed  into  anj*  other  di- 
rection.   Thus,  by  means  of  the  guide  pulleys 
b  and  c,  the  motion  of  the  cord  in  the  direc- 
tion c  D  is  changed  into  the  direction  a  b. 

The  cords  d  a  and  c  b  should  be  in  the 
plane  of  the  pulley  c ;  and  the  cords  c  b 
and  b  a  should  be  in  the  plane  of  the 
pulley  b. 

37.  Two  guide  pulleys,  e  and  h,  may  be  employed  to  trans- 
mit motion  from  the  wheel  a  to  the 


wheel  b,  when  the  axes  of  these 


Pig. 


wheels  have  any  given  direction. 

Let  e  h  be  the  line  where  the 
planes,  passing  through  the  two 
wheels,  intersect  each  other.  In  this 
line  assume  any  two  convenient  points 
e  and  h  ;  in  the  plane  of  the  wheel 
a  draw  the  tangents  e  c  and  h  d  ; 
and  in  the  plane  of  the  wheel  b  draw  \ 
the  tangents  e  p  and  h  g  j  then 
c  e  p  g  h  d  will  be  the  path  of  the 
endless  cord,  which  will  be  kept  in 
this  path  by  a  guide  pulley  at  e,  in 

the  plane  of  c  e  p,  and  another  guide  pulley  at  h,  in  the  plane 

Of  D  H  O. 

The  relative  velocities  of  the  axes  a  and  b  depend  entirely 
upon  the  ratio  of  the  radii,  a  d  and  b  g,  of  the  two  wheels. 
(See  Art.  30.) 


To  prevent  Wrapping  Contiectors  from  Slipping. 

38.  The  slip  of  the  band  on  the  wheel,  when  it  is  not  exces- 
sive, is  in  many  cases  rather  an  advantage  than  otherwise ;  but 
when  motion  is  to  be  transmitted  from  one  wheel  to  another 
according  to  some  given  exact  ratio,  gearing  chains  of  various 
forms  are  employed  as  the  wrapping  connectors. 

39.  In  some  cases  the  links  of  the  gearing  chain  lay  hold  of 
pins  or  teeth  formed  upon  the  wheel,  as  shown  in  fig.  27.  In 
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other  cases,  the  links  of  the  gearing  are  joined  together,  some- 
thing like  a  watch  chain,  and  carry  teeth  which  pass  into 


Fig.  26. 


Fig.  27 


certain  notches  made  at  corresponding  distances  on  the  edge 
of  the  wheel,  as  shown  in  fig.  26. 

40.  When  a  belt  moves  a  conical  wheel,  it  always  happens 
that  the  belt  gradually  moves  towards  the  broad  end  of  the 
wheel :  this  is  owing  to  the  belt  being  more  stretched  on  that 
side  than  it  is  on  the  other. 

41.  This  property  enables  us  to  construct  a  wheel  so  that  a 

Fig.  28.  Fig.  29.  Fig.  30. 


belt  shall  not  shift  on  its  edge ;  this  is  simply  effected  by 
making  the  edge  to  swell  a  little  in  the  middle,  as  shown  in  fig.  29. 

F»g-  31  •  42.  When  two  rollers 

have  to  make  only  a 
limited  number  of  revo- 
lutions in  each  direction, 
the  slip  of  the  cord  may 
be  prevented  by  having 
a  cord  coiled  round  each 
end  of  the  rollers  in 
opposite  directions,  so 
that  while  one  cord  is 
coiled  on  one  extremity 
of  the  roller,  the  other  cord  is  uncoiled  from  the  other  ex- 
tremity, as  shown  in  fig.  30. 
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43.  By  a  similar  arrangement  of  cords  on  the  cylinder  E  P 
(see  fig.  31),  a  reciprocating  motion  of  this  cylinder  will  pro- 
duce a  back  and  forward  motion  of  the  carriage  a  b. 

Systems  of  Pulleys. 

44.  A  system  of  pulleys  must  at  least  contain  one  movable 
pulley.  When  a  wheel,  forming  a  part  of  a  system  of  wheels 
connected  together  by  cords,  has  a  progressive  motion,  it 
materially  affects  the  velocity  ratio  of  the  receiver  and  the 
operator  of  the  mechanism.  There  are  a  great  many  different 
systems  of  pulleys,  but  they  all  depend  upon  the  different  com- 
binations of  movable  and  fixed  pulleys,  and  the  different  modes 
of  reduplication  of  a  cord. 

45.  In  this  system  of  pulleys  there  is  one  movable  block 
and  a  single  continuous  cord  with  three  dupli- 
cations, so  that  whilst  the  moving  force  p  acts 
by  one  cord,  the  movable  block  with  its  load  is 
suspended  by  six  cords :  if  w  ascend  one  foot, 
each  of  these  cords  will  be  shortened  one  foot, 
and  therefore  the  cord  p  will  be  lengthened  six 
feet ;  that  is  to  say,  the  velooity  of  p  will  be  six 
times  that  of  w. 

46.  In  the  system  of  pulleys  represented  in 
fig.  33  there  are  two  distinct  cords  and  two 
movable  pulleys  A  and  b,  making  two  duplica- 
tions of  cord;  then  if  a  ascends  one  foot,  b 
must  ascend  two  feet,  and  the  cord  at  p  must  be  lengthened 
four  feet ;  that  is,  the  velocity  of  p  will  be  four  times  the  velo- 
city of  w. 

Generally  if  there  are  n  movable  pulleys  in  such  a  system, 
then 

velo.  p  =  2"  x  velo.  w. 

47.  The  system  of  pulleys  represented  in  fig.  34  contains 
two  movable  pulleys,  one  fixed  pulley,  and  two  single  cords 
In  this  case  the  velocity  ratio  of  p  to  w  is  as  four  to  one. 

48.  Fig.  35  represents  a  similar  system  of  pulleys,  in  which 
the  velocity  ratio  of  p  to  w  is  as  five  to  one. 

In  all  these  systems  of  pulleys  the  velocity  ratios  are  con- 
stant. 

M 
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49.  In  the  compound  wheel  and  axle,  represented  in  fig. 
86,  the  axle  is  made  of  different  thicknesses  as  at  a  and  b,  and 


Fig.  33. 


•V 


Vig.  35. 


Fig.  36. 


a  continuous  cord  coils  round  these  parts  in  different  directions, 
and  passes  round  the  wheel  of  the  movable  pulley  D.    In  one 

revolution  of  the  wheel  c  p  the  space 
moved  over  by  the  pulley  d  is  equal 
to  half  the  difference  of  the  cir- 
cumferences of  the  axles  a  and  b. 
Putting  for  the  radius  of  the 
wheel  c  p,  B  for  the  radius  of  the 
axle  a,  and  r  for  the  radius  of  the 
axle  b  ;  then  we  have  for  the  velocity 
ratio 


velo.  P      2  b, 

— i  =  • 

velo.  w    b— r 

velo.  p 


If  B,  =  10,  B  =  4,  r  =  3j;  then 


2  x  10 


velo.  w      4  -  3£ 


=  80. 


This  piece  of  mechanism  belongs  to  a  class  which  produces 
what  has  been  called  differential  motions,  their  object  being  to 
produce  a  slow  and  definite  motion  in  a  body  by  the  most 
simple  and  practicable  means. 
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TO  PRODUCE  A  VARYING  VELOCITY  RATIO  BY  MEANS  OP 

WRAPPING  CONNECTORS. 

50.  To  find  the  ratio  of  the  angular  velocities  of  two  eccen- 
tric wheels,  moved  by  a  cord  wrapping  Fig.  37. 

over  each. 

Let  d  c  be  a  cord  wrapping  round  the 
wheels,  whose  axes  of  motion  are  a  an«i  b  ; 
their  line  c  d  will  be  a  tangent  to  the  two 
curves  forming  the  edges  of  the  wheels. 
On  d  c  produced  let  fall  the  perpendiculars 
a  q  and  b  K ;  then  the  velocity  of  the  cord, 
in  this  position  of  the  wheels,  will  be  equal 
to  the  velocity  of  the  point  q,  and  at  the 
same  time  it  will  also  be  equal  to  the  velocity  of  the  point  K ; 
hence  we  find 

angular  velocity  a  c      b  k 
angular  velocity  b  d      a  q  '  " 

that  is  to  say,  the  angular  velocities  are  inversely  as  the  perpen- 
diculars  let  fall  upon  the  cord  from  the  axes  of  motion. 

51.  Let  b  be  a  movable  pulley  suspended  from  the  con- 
tinuous cord  p  a  b  c,  passing  over  a  fixed 
pulley  a,  and  attached  to  a  point  c  in  the 
same  horizontal  line  with  a.  Let  fall  b  d 
perpendicular  to  a  c ;  then  b  c  will 
always  be  equal  to  b  a,  and  b  will  move  r^-i  P 
in  the  vertical  line  b  d.  Hence  we  find 


Fig.  38. 


velocity  P  =  2  x  BD...  (R 
velocity  w  b  a 


□ 


This  expression  may  be  put  in  the  following  trigonometrical 
form  : 

velocity  p      ^  x  COs  p  a  b  ...  (2). 
velocity  w 

52.  Fig.  39  represents  a  simple  and  ingenious  contrivance 
for  communicating  a  varying  velocity  to  the  axis  B,  by  means 
of  an  endless  band  qkg,  passing  over  an  eccentric  wheel  a  ;  a 
pulley  b  k,  and  a  stretching  pulley  c.  The  curve  of  the  eccen- 
tric wheel  a  must  be  such  as  to  produce  the  varying  velocity 
required.    The  weight  w,  attached  to  the  stretching  pulley  c, 
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keeps  the  band  constantly  stretched,  so  that  whatever  may  be 
Fig.  39.  the  velocity  of  the  cord,  upon  leaving 

the  eccentric  wheel,  it  communicates  the 
same  velocity  to  the  circumference  of 
the  pulley  b  k.  From  the  axis  a  let 
fall  A  q  perpendicular  to  the  cord  q  k  ; 
then  by  eq.  (1),  Art.  50,  the  velocity 
ratio  may  be  expressed  as  follows  : 

ang.  velo.  axis  a      b  k 
ang.  velo.  axis  b  =  a  q" 

Let  the  axis  a  revolve  uniformly,  and  let  the  radius,  b  k,  of 
the  pulley  be  given ;  then 

The  ang.  velo.  axis  B  will  vary  as  the  perpend.  A  Q. 


IV.  ON  WHEEL-WORK    PRODUCING  MOTION  BY  ROLLING  CONTACT 
WHEN  THE  AXES  OP  MOTION  ARE  PARALLEL. 

53.  Two  wheels  e  and  p,  in  contact  with  each  other,  revolve 
on  the  parallel  axes  a  b  and  c  D  ;  now  if  the  wheels  are  in  con- 

Fig.  40.  tact  in  any  one  position,  they  will  also  be 

^jf]  in  contact  in  every  other  position,  and  their 
circumferences  will  roll  upon  each  other, 
bo  that  if  the  driver  f  revolve  on  its  axis 
c  d  it  will  communicate  a  rotatory  motion 
to  the  follower  e  in  a  contrary  direction, 
by  the  fractional  adhesion  of  the  parts 
successively  brought  in  contact.  The  edges 
of  these  wheels  must  have  the  same  velocity, 
and  therefore  their  angular  velocities  will  be  inversely  as  their 
radii. 

54.  In  order  to  render  the  transfer  of  motion  perfectly 
exact,  the  edges  of  the  wheels  are  formed  into  teeth,  placed  at 
equal  distances  from  each  other,  so  that  when  one  wheel  is 
turned  its  teeth  successively  enter  into  the  spaces  formed  on 
the  edge  of  the  other  wheel.  Thus,  even  with  slight  errors  of 
construction,  one  wheel  cannot  escape  from  the  other,  which 
may  happen  in  the  case  of  simple  rollers. 
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The  numbers  of  teeth  in  the  wheels,  acting  upon  each  in 
this  manner,  are  in  proportion  to  their 
radii.    Thus,  let  the  radius  of  the  wheel  a  Fig  4 1 ' 

be  15  inches,  that  of  b  6  inches,  and  let 
b  contain  8  teeth ;  then 

No.  teeth  in  a  =  8  x  *f  =  20. 

o 

Or  generally,  if  r  and  r  be  put  for  the  radii 
of  the  wheels,  and  N  and  n  the  number  of 
their  teeth  respectively  ;  then 

~  =  —...  a). 

n  r 

Hence  angular  velocities,  as  well  as  the  synchronal  rotations, 
of  wheels  may  be  expressed  in  terms  of  their  numbers  of  teeth ; 
thus  we  have 

ang.  velo.  a  __  n  ,0. 
ang.  velo.  b  "~  n  ""    ' ' 


also 


synchronal  rotation  a  q  _  _  n  \ 
synchronal  rotation  b'      q     jt  ***  ^ 


Example. — Required  the  least  number  of  teeth  in  the  wheels 
a  and  b,  so  that  b  shall  make  105  revolutions  per  min.  and  a 
only  40. 

Here  by  eq.  (3),  ~ 

N 


40 
105 


8 

21 5 


that  is,  b  will  contain  8  teeth  and  a  21  teeth. 

The  form  which  must  be  given  to  the  teeth  of  wheels,  so 
as  to  maintain  a  perfect  rolling  contact,  will  be  explained  in 
another  part  of  this  work. 

55.  If  the  wheel  a  be  the  driver  then  b  will  be  called  the 
follower.  Wheels  acting  in  this  manner  are  sometimes  called 
spur  wheels.  Small-toothed  wheels  are  called  pinions ;  thus  b 
may  be  called  a  pinion  in  relation  to  a. 

56.  Toothed  wheels  are  said  to  be  in  gear  when  their  teeth 
are  engaged  together,  and  they  are  said  to  be  out  of  gear  when 
they  are  separated. 

57.  In  the  train  of  wheels  represented  in  fig.  42,  let  n„  n2, 
n„  &c,  be  the  number  of  teeth  in  the  driving  wheels,  and  np 
nr  n,,  &c.,  the  number  in  the  driven  wheels ;  Q,  =  the  no.  of 
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rotations  of  the  first  axis,  Q,  =  the  no.  of  the  second  axis, 
and  so  on,  performed  in  the  same  time ;  then 

Q«±i  _  g|_i2jj  -  y3  •  •••  Nm  ... 
Q,       »i  •  »S  •  n8  .  ...  wm 

This  equality  may  be  expressed  in  language  as  follows  :  The 

Fig.  42.  ratio  of  the  synchronal 

rotations  of  the  last  and 
first  axes  is  equal  to  the 
continued  product  of  the 
number  of  teeth  in  the 
driving  wheels  divided 
by  the  continued  product 
of  the  number  of  teeth  in  the  driven  wheels. 

Similarly  we  have 

?«+,  =  0*  x  Q3  x  ...  x  Q-+I  ...  (2), 

which  may  be  expressed  in  language  as  follows :  The  ratio  of 
the  synchronal  rotation  of  the  first  and  last  axes  is  equal  to  tlie 
product  of  the  separate  synchronal  ratios  of  the  successive  pairs 
o  f  axes. 

The  number  of  axes  in  this  combination  is  always  one  more 
than  the  number  of  pairs  of  wheels. 

It  is  evident  from  eq.  (1),  that  the  drivers  and  followers 
may  be  placed  in  any  order  in  a  train  of  wheel-work  without 
changing  the  velocity  ratios  of  the  first  and  last  axes. 

Example.  — Let  the  number  of  pairs  of  drivers  and  followers 
be  3  ;  that  is,  let  m  =  3,  n,  =  16,  n,  =  15,  n3  =  14,  n,  =  7, 
n,  =  6.  n3  =  5 ;  required  the  least  number  of  synchronal  rota- 
tions of  the  first  and  last  axes  in  the  train  of  wheels. 

Here  by  eq.  (1)  we  have 

Q4  =  16  x  15  x  14  _  16 . 
Q,      7x6x5       1  ; 

that  is,  whilst  the  first  axis  makes  one  revolution,  the  last  will 
make  sixteen. 

58.  If  the  number  of  teeth  in  a  driving  wheel  be  some 
exact  multiple  of  the  number  of  teeth  in  the  follower,  then  the 
same  teeth  will  come  into  contact  in  everv  revolution  of  the 
driver.  Thus,  if  the  driver  contains  30  teeth  and  the  follower 
6,  then  the  same  teeth  will  come  into  contact  at  every  revolu- 
tion of  the  driver.    This  arrangement  of  teeth  is  preferred  by 
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the  clock  and  watch  maker ;  but  the  millwright  would  add  one 
tooth,  called  the  Hunting  Coo,  to  the  large  wheel ;  that  is,  he 
would  have  31  teeth  in  the  driver  and  6  in  the  follower,  because 
31  and  6,  being  prime  to  each  other,  and  at  the  same  time 
nearly  in  the  same  ratio  as  30  and  6,  the  same  pair  of  teeth 
would  not  come  again  into  contact  until  the  large  wheel  had 
made  6  revolutions  and  the  small  one  31. 

59.  Eq.  (3),  Art.  53,  enables  us  readily  to  find  the  number 
of  revolutions  which  the  wheels  must  make  in  order  that  the 
same  teeth  may  come  again  into  contact  with  each  other ;  for 

it  is  only  necessary  to  reduce  the  fraction  -  to  its  least  terms, 

and  the  denominator  of  this  reduced  fraction  will  give  the 
number  of  revolutions  of  the  driving  wheel  as  required.  Thus, 

let  n  =  144,  and  n  =  54,  then  -  =      =  -  ;  that  is,  the  driver 

q      14  8 

must  make  3  complete  revolutions,  or  the  follower  8,  before  the 
same  teeth  can  again  come  into  contact. 

60.  In  a  combination  of  wheels,  whose  motions  are  ex- 

o  im- 
pressed by  the  equality  ^  =  — L_! — *,  an  indefinite  number  of 

Q,     7i,  .  n2 

values  may  be  assigned  to  the  numbers  of  teeth,  which  shall 
produce  a  given  synchronal  ratio  of  the  first  and  last  axes; 
but  if  n,  and  n2  be  given,  and  n,  and  N,  be  comprised  within 
certain  given  limits,  then  a  limited  number  of  values  may  be 
found  for  n,  and  Nfl. 

Thus,  for  example,  let     =  60,  w,  =  w,  =  8,  and  the  values 

of  n,  and  ns  not  to  exceed  100  nor  to  be  less  than  40. 
Here  we  have 

8x8 
.'.  N,  .  N2  =  60  x  64; 

hence  n,  may  be  60  and  n2  may  be  64;  but  in  order  to  deter- 
mine all  the  combinations,  we  must  put  the  product,  60  x  64, 
into  prime  factors,  and  then  distribute  these  factors  into 
different  groups  answering  to  the  limiting  values  of  n,  and  Nr 

Here,  60  x  64  =  28  x  3  x  5  ;  hence  we  have 

1st  combination,  (24  x  3)  x  {2*  x  5)  =  48  x  80  ; 

2nd  combination,  (2ft  x  3)  x  (23  x  5)  =  96  x  40  ; 

3rd  combination,  26  x  (22  x  3  x  5)  =  64  x  60. 
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61.  When  all  the  drivers  contain  the  same  number  of  teeth, 
and  also  the  followers,  then  eq.  (1),  Art.  57,  becomes 

Q^±L  =  &Y"  ...  (1). 

By  means  of  this  formula  we  may  readily  determine  the 
least  number  of  axes  requisite  for  producing  a  given  syn- 
chronal  ratio  of  rotation  between  the  first  and  last  axes,  when 
the  number  of  teeth  in  the  drivers  cannot  exceed  N,  and  the 
number  in  the  followers  cannot  be  less  than  nx. 

Find  m,  in  eq.  (1),  equal  to  the  highest  whole  number, 
which  does  not  make  the  right  member  greater  than  the  left ; 
then  the  least  number  of  axes  will  be  m  +  2.  But  if  m,  a  whole 
number,  can  be  found  so  as  to  make  the  right-hand  member 
exactly  equal  to  the  left,  then,  in  this  case,  the  least  number  of 
axes  will  be  m  +  I* 

Example, — Required  the  least  number  of  axes  in  a  train  of 
wheels  which  shall  cause  the  last  axis  to  revolve  180  times  as 
fast  as  the  first  axis,  allowing  that  none  of  the  drivers  can  con- 
tain more  than  54  teeth,  and  none  of  the  followers  less  than  9. 

Here  we  must  find  the  greatest  whole  number  for  w,  so  that 

(54  m 
— j  or  (6)m  shall  not  exceed  180.  This  value  of  m  is  obviously 

2 ;  and  the  least  number  of  axes  will  be  4. 

Idle  Wheels, 

62.  The  wheel  c,  placed  between  two  other  wheels,  a  and  b, 
does  not  affect  the  velocity  ratio  of  these 
wheels ;  and  hence  the  wheel  c  is  called  an  idle 
wheel.  This  intermediate  wheel,  however, 
causes  the  wheels  a  and  b  to  revolve  in  the 
same  direction,  whereas,  if  a  and  b  were  in  con- 

C  — L    tact,  they  would  revolve  in  opposite  directions. 

Annular  Wheels. 
63.  Fig.  44  represents  an  annular  wheel  A, 
having  its  teeth  cut  on  the  internal  edge  of 
the  annulus  or  rim.  The  toothed  wheel  b, 
revolving  within  the  annular  wheel  a,  causes 
it  to  revolve  in  the  same  direction ;  whereas 
two  ordinary  spur  wheels  revolve  in  opposite 
directions. 
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Concentric  Wheels. 

64.  When  two  separata  wheels  revolve  about  the  same 
centre  of  motion  they  are  called  concentric         Fig.  45. 
wheels.    The  pinion  d  is  fixed  to  the  axis 
F  E,  whilst  the  concentric  wheel  c  is  fixed  to 
a  tube,  or  cannon,  n,  which  revolves  freely 
upon  the  axis  p  e.    The  driving  wheels,  a 
and  b,  fixed  to  the  parallel  axis  H  o,  com-  j=p 
raunicate  the  relative  velocities  to  the  axis  H 
p  e  and  to  the  cannon  n. 

Wheel-work  when  the  axes  are  not  parallel  to  each  other. 

65.  When  the  axes  of  two  wheels  are  not  parallel  to  each 
other,  motion  is  generally  communicated  from  the  one  to  the 
other  by  bevel  wheels  or  bevel  gear.  When  the  axes  are  perpen- 
dicular to  each  other,  the  face  wheel  and  lantern  and  the  crown 
wheel  are  frequently  employed. 

Face  Wheel  and  Lantern. 

66.  In  fig.  46,  p  represents  a  face  wheel,  with  its  lantern 
L.    Here  motion  is  transmitted  Fig.  46. 

from  the  vertical  axis  A  b  to  the 
horizontal  axis  a  c.  The  teeth  p 
on  the  face  of  the  face  wheel  are 

called  cogs,  which  are  usually  made  r  1  L- > — 

of  iron,  whilst  the  round  staves  [^,t  t,t,  t:]^L,  ^ 
forming  the  teeth  of  the  lantern  L,        r      r^j  crff 
are  made  of  hard  wood.    The  axes 
a  b  and  c  d  should,  when  produced, 
intersect  in  a  point. 

Crown  Wheels. 

67.  Fig.  47  represents  a  crown  wheel  B,  with  its  pinion  A, 


EEDC1B 


having  their  axes  at  right  angles  to 
each  other.  The  teech  of  the  crown 
wheel  are  cut  on  the  edge  of  a  hoop, 
the  plane  of  which  is  at  right  angles 
to  its  axis,  and  the  pinion  is  thicker 
than  wheels  are  commonly  made. 


Fig  47. 
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Case  I.  To  construct  Bevel  Wheels  or  Bevel  Gear  wJien  the  ares 

are  in  the  same  plane. 

68.  Let  a  c  and  a  b  be  two  axes  of  rotation  in  the  same 
Fig.  48.  plane,  and  cutting  each  other  in  the 

point  a.  On  these  axes  two  right  cones, 
a  D  p  and  a  d  e,  may  be  formed,  touching 
each  other  in  the  line  A  H  D  ;  and  also 
two  right  frusta,  dfge  and  d  h  k  e, 
of  these  cones  may  be  formed. 

Now,  if  the  frustum  d  p  g  h  revolve 
on  its  axis  b  a,  it  will  communicate,  by 
rolling  contact,  a  rotatory  motion  to  the 
frustum  D  H  K  E  upon  its  axis  c  a. 

These  frusta  of  cones  will  obviously  perform  their  rotations 
in  the  same  time  as  the  ordinary  spur  wheels  previously  de- 
scribed. 

On  the  surfaces  of  these  frusta  a  series  of  equidistant  teeth 
are  cut,  directed  to  the  apex  a  of  the  cones,  so  that  a  straight 
line  passing  through  the  apex  to  the  outline  of  the  teeth  upon 
the  bases  d  p  and  d  e  of  the  frusta  shall  touch  the  teeth  in 
every  part  as  shown  in  the  diagram. 

Wheels  cut  in  this  manner  are  called  bevel  gear. 

Two  wheels  of  this  construction  will  always  transfer  motion, 
with  a  constant  velocity  ratio,  from  one  axis  to  the  other,  pro- 
vided these  axes  meet  each  other  in  a  point,  which  point  being 
always  made  the  apex  of  the  frusta  forming  the  bevel  of  the 
wheels. 

-Given  the  radii  of  two  bevel  wheels, 
and  the  position  of  their  axes,  to 
construct  the  frusta  forming  the 
wheels,  the  two  axes  being  in  the 
same  plane. 

Let  a  b  and  a  c  be  the  position 
of  the  axes  cutting  each  other  in  a. 
Draw  I  J  parallel  to  a  b  at  a  distance 
equal  to  the  radius  of  the  wheel  on 
the  axis  a  b  ;  and  draw  m  l  parallel 
to  a  c,  at  a  distance  equal  to  the 
radius  of  the  wheel  on  the  axis  a  c, 


69.  General  Problem. - 
Fig.  40. 
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cutting  the  Hue  I  J  iu  the  point  d.  From  the  point  d,  draw 
dbf  perpendicular  to  a  b,  and  d  c  e  perpendicular  to  AO. 
Take  b  p  equal  to  b  d,  and  c  e  equal  to  c  d.  Join  a  e,  a  d, 
and  a  f.  At  a  distance  equal  to  the  thickness  of  the  wheel, 
draw  h  G  parallel  to  d  f,  cutting  a  d  in  h  ;  and  through  h, 
draw  h  k  parallel  to  d  e.  Then  d  f  o  h  and  d  h  k  e  will 
be  the  frusta  required. 


Case  II.  To  construct  Bevel  Gear  when  the  axes  are  not  in  the 

same  plane, 

70.  This  is  usually  done  by  introducing  an  intermediate 
wheel  with  two  frusta  formed  upon  it,  one  frustum  rolling  in 
contact  with  the  driving  wheel,  and  the  other  frustum  in  con- 
tact with  the  driven  wheel. 

71.  Let  a  B  and  CD  be  the  direction  of  the  given  axes; 
take  a  d  as  a  third  axis,  meeting 
the  axes  a  b  and  c  d  at  any 
convenient  points,  a  and  d  ;  then 
a  will  be  the  vertex  of  two  rolling 
frusta  of  cones  G  and  h,  and  D 
will  be  the  vertex  of  two  other 
rolling  frusta  of  cones  I  and  k. 
Whilst  the  intermediate  axis, 
with  its  two  frusta  of  cones, 
revolves,  the  teeth  of  the  frustum 
h  will  have  a  rolling  contact 

with  the  teeth  of  the  frustum  o,  and  at  the  same  time  the  teeth 
of  the  frustum  I  will  have  a  rolling  contact  with  the  teeth  of  the 
frustum  k  ;  and  thus  motion  will  be  transmitted  from  the  axis 
a  b  to  the  axis  c  d  with  a  constant  velocity  ratio. 

Let  q,  and  Q,  be  the  number  of  rotations  performed  by  the 
axes  a  B  and  c  d  respectively  in  the  same  time  ;  n,  =  the 
number  of  teeth  in  the  bevel  wheel  o ;  nx  —  the  number  in  the 
edge  h  ;  n2  =  the  number  in  the  edge  I ;  and  n2  =  the  number 
in  the  bevel  wheel  k  ;  then 

Q,      it  j  .  n2 

which  is  similar  to  the  expression  given  in  eq.  (1),  Art.  57. 
When  nx  =  y„  then  this  equality  becomes 


..(2). 
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In  this  case  the  intermediate  bevel  wheel,  I  n,  may  be 
regarded  as  an  idle  wheel. 


VARIABLE  MOTIONS  PRODUCED  BY  WHEEL-WORK  HAVING  ROLLING 

CONTACT. 

72.  Two  curved  wheels,  e  p  and  F  p,  having  rolling  contact, 
revolve  on  the  axes  a  and  b.    In  order  that  these  wheels  may 
Pig  5]  roll  on  each  other  without  slipping,  or 

without  producing  any  strain  upon  the 
axes  a  and  b,  these  axes  must  always  be  in 
the  line  of  contact  a  p  b,  and  if  the  curve  p 
E  on  the  one  wheel  be  equal  to  the  curve 
p  p  on  the  other  wheel,  the  sum  of  the 
lines  a  e  and  b  p  must  always  be  equal  to 
a  b,  the  distance  between  the  centres  of 
motion.  Various  curves  may  be  con- 
structed having  this  property.  For  ex- 
ample, two  equal  ellipses,  e  p  and  p  p,  revolving  on  their  foci, 
A  and  B,  and  having  a  e  and  b  p  in  the  line  of  their  major  axes, 
will  have  a  perfect  rolling  contact.  Two  equal  logarithmic 
spirals  have  also  the  same  property. 

Let  d  p  c  be  the  common  tangent  to  the  point  of  contact  p  ; 
from  a  and  b  let  fall  A  c  and  b  d  perpendicular  to  d  p  c  ;  then 

angular  velocitv  ap      b  d     bp  ,n 
— .  J  =■ — or —  ...  (1  . 

angular  velocity  bp      a  o     a  p 

This  result  may  be  expressed  in  language  as  follows :  The 
angular  velocities  of  the  wheels  are  inversely  as  the  perpendiculars 
let  fall  upon  the  common  tangent  from  the  centres  of  motion. 

73.  The  form  of  wheels  represented  in  fig.  52  is  used  in 
silk  mills  and  in  the  Cometarium.  The  curves  may  be  indefi- 
nitely varied,  but  they  must  always  be  constructed  to  answer 
the  conditions  explained  in  Art.  72. 

74.  Roemer's  Wheels. — e  p  and  c  D  are  the  axes  of  two  co- 
nical wheels  or  bevel  wheels  k  and  G,  having  their  vertices 
turned  in  opposite  directions ;  the  teeth  of  k  are  formed  like 
those  of  the  ordinary  bevel  wheel;  but  the  teeth  on  g  are 
formed  by  a  series  of  pins,  e  k,  fixed  on  the  surface  of  the  frus- 
tum g.  By  varying  the  relative  position  of  these  pins  any 
given  velocity  ratio  may  be  obtained. 
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75.  Various  combinations  have  been  invented  for  producing 
a  varying  angular  velocity  ;  such  as  the  eccentric  crown  wheel 


Fig.  52. 


Fig.  53. 


Fig.  54. 


and  broad  pinion,  the  eccentric  spur  wheel  with  a  shifting 
intermediate  wheel,  and  so  on. 

INTERMITTENT  AND  RECIPROCATING  MOTIONS  PRODUCED  BY 
WHEEL-WORK  HAVING  ROLLING  CONTACT. 

76.  The  following  is  an  example  of  an  intermittent  motion 
produced  by  the  continuous  motion  of  a  toothed  wheel : 

A  driving  wheel  a,  having  sunk  teeth  on  a  portion  of  its 
edge,  communicates  an  intermittent  motion  to  the  wheel  b, 
which  has  a  corresponding  number 
of  teeth  on  a  portion  of  its  edge. 
The  portion  d  o  of  the  wheel  b,  being 
a  plain  arc  of  a  circle  described  from 
a  as  centre,  allows  the  plain  portion 
of  the  wheel  a  to  revolve  without 
any  interruption.  The  wheels  are 
brought  into  gear  by  a  pin  p  fixed 
to  the  wheel  a,  and  a  guide  plate 

g  e  fixed  to  the  wheel  b.  Now,  when  a  revolves  in  the  direc- 
tion of  the  arrow,  the  plain  portion  of  its  edge  runs  past  d  c 
without  moving  the  wheel  b,  and  at  the  same  time  keeps  it 
from  shifting;  but  when  the  pin  p  comes  into  contact  with 
the  guide  plate,  the  wheel  b  is  moved  round,  and  the  teeth 
d  e  engage  themselves  with  the  teeth  on  b,  and  thus  the  wheel 
b  is  constrained  to  make  a  revolution ;  it  then  remains  at  rest 
until  the  pin  p  again  comes  round  to  meet  the  guide  plate. 
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Fig.  ">.». 


77.  The  Rack  and  Pinion. — By  this  combination  a  circular 
reciprocating  motion  is  changed  into  a  reciprocating  rectilinear 

one.  Teeth  are  cut  upon  the  edge  of  the 
straight  bars,  B  c  and  d  e,  so  as  to  work 
with  the  teeth  upon  the  pinion  a.  These 
toothed  bars  are  called  racks,  and  they  are 
constrained  to  move  in  rectilinear  paths  by 
guides  or  rollers.  The  racks  in  this  com- 
bination move  in  opposite  directions. 

78.  Fig.  55  represents  an  application  of 
the  double  rack,  for  converting  a  continuous 
circular  motion  of  a  wheel,  a,  into  a  reci- 
procating rectilinear  motion,  given  to  the 
frame  b  e. 

The  teeth  on  a  are  formed  by  pins  or 
staves  placed  about  one  quarter  round  the 
face  of  the  wheel ;  these  staves  act  alter- 
nately upon  the  racks  formed  on  the  upper  and  uuder  sides 
of  the  frame.    The  tooth  on  each  rack  which  comes  first  into 

contact  with  the  stave  of 
the  pinion  is  made  longer 
than  the  others,  in  order 
that  the  first  stave  should 
~&        act    obliquely    upon  it, 
thereby  tending  to  lessen 
the  shock.   In  this  figure 
the  lower  stave  is  represented  as  leaving  the  last  rack  on  the 
under  side,  and  the  upper  stave  as  commencing  its  action  on 
the  elongated  tooth  of  the  upper  rack. 


V.  ON  SLIDING  PIECES,  PRODUCING  MOTION  BY  SLIDING  CONTACT. 

The  Wedge  or  Movable  Inclined  Plane. 
Fig.  57. 


79.  Let  a  b  c  be  a  movable  in- 
clined plane  or  wedge,  sliding  along 
the  smooth  surface  d  E,  by  a  pres- 
sure p  applied  to  the  end  B  o,  and 
producing  a  vertical  motion  in  a 
heavy  rod  g  p,  resting  on  the  plane 
A  c,  and  constrained  to  move  in  a 
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straight  path  by  means  of  guide  rollers.  The  velocity  ratio  of 
p  and  p,  will  be  constant,  being  expressed  by  the  following 
equality : 


velocity  P      A  b  ^    length  of  the  wed 

B~C 


if** 


velocity  p,     B  c      thickness  of  the  wedge 

To  transmit  motion  from  an  axis  a  d  to  another  axis  B  c, 
parallel  to  it. 

80.  The  axis  a  d  carries  an  arm  a  e,  and  a  pin  e  f,  which 
enters  and  slips  freely  in  a  slit  made 
in  the  arm  g  b,  attached  to  the  axis 
b  c.  When  the  axis  a  d  revolves  it 
communicates  a  rotation  in  the  samp 
direction  to  the  other  axis  B  c,  but 
with  a  varying  velocity  ratio,  for  the 
pin  p  continually  changes  its  distance 
b  p  from  the  axis  B  c. 

When  the  distance  between  the 
parallel  axes  is  small,  and  the  axis 
a  d  revolves  uniformly,  the  angular  velocity  of  the  axis  b  o 
varies,  very  nearly,  inversely  as  the  distance,  B  f,  of  the  pin 
from  this  axis. 

The  Eccentric  Wheel. 

81.  This  mechanism  is  usually  employed  to  give  motion  to 
the  slide  valve  of  the  steam  engine.  In  fig.  59,  b  represents 
the  axis  of  the  eccentric  wheel ;  Fig.  69. 

c  the  centre  of  the  circle  jerfk 
a  hoop  which  embraces  the  ec- 
centric wheel  so  that  the  one 
may  revolve  freely  within  the 
other ;  E  f  D  a  frame  connect- 
ing this  loop  with  the  extremity 
n  of  the  bent  lever  dlg,  turn- 
ing on  the  fixed  centre  L.  Now, 

when  the  eccentric  wheel  revolves  in  the  direction  of  the  arrow- 
shown  in  the  figure,  the  frame  with  the  pin  d  is  pushed  to  the 
right,  and  when  the  lob  side  of  the  eccentric  has  passed  the  line 
of  centres,  B  and  d,  the  frame  with  the  pin  d  is  drawn  to  the 
left ;  and  so  on.  Thus  the  continuous  rotation  of  the  axis  B 
produces  a  reciprocating  circular  motion  in  the  pin  d.  The 
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stroke  of  the  pin  d  will  be  equal  to  twice  c  b,  or  double  the 
eccentricity  of  the  wheel. 


Cambs,  Wipers,  and  Tappets. 

82.  Cambs  are  those  irregular  pieces  of  mechanism  to 
which  a  rotatory  motion  is  given  for  the  purpose  of  producing, 
by  sliding  contact,  reciprocating  motions  in  rods  and  levers. 

83.  In  fig.  60,  bcd  represents  the  camb,  turning  on  its 

axis  a,  and  giving  a  reciprocating  rectilinear 
motion  to  the  heavy  rod  E  F,  which  is  re- 
strained  to  move  in  its  rectilinear  path  by 
the  guide  rollers.  The  rotation  of  the  axis  a 
being  in  the  direction  of  the  arrow,  the  rod  e  p 
has  an  upward  motion  until  the  extreme 
point  b  of  the  camb  comes  in  a  line  with  the 
rod,  then  the  portion  b  g  of  the  camb  allows  the 
rod  to  fall,  by  its  own  weight  or  by  the  action 
of  a  spring,  until  the  point  o  comes  in  a  line 
with  the  rod,  and  so  on ;  thus  one  revolution  of 
the  camb  here  presented  will  cause  the  rod  to  make  three 
upward  and  three  downward  strokes.  By  varying  the  curve  of 
the  camb  any  law  of  motion  may  be  given  to  the  rod. 

84.  In  fig.  61,  the  pin  e  of  the  rod  is  made  to  traverse 
a  groove  e  o  d,  cut  in  the  camb  plate,  so 
that  the  pressure  of  the  camb  upon  the  pin 
produces  the  downward  stroke  of  the  rod 
as  well  as  its  upward  stroke.  In  this  case 
the  rod  will  only  make  one  upward  and  one 
downward  stroke  in  every  revolution  of  the 
camb  plate.  The  length  of  the  stroke  of  the 
rod  will  be  equal  to  the  difference  between  a  d 
and  a  o,  where  d  is  the  point  in  the  groove 
furthest  from  the  centre  a,  and  G  is  the  point 
nearest  to  it. 

85.  To  find  the  curve  forming  the  groove  of  a  camb,  so  ttiat 
the  velocity  ratio  of  the  rod  and  the  axis  of  the  camb  may  be 
constant. 

Let  a  be  the  centre  of  the  camb,  and  c  a  b  q  the  direction 
of  the  rod.  From  a  as  a  centre,  with  any  convenient  distance 
a  c,  describe  tho  circle  cedbn.    On  b  a  take  b  a,  equal  to 
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the  length  of  the  stroke  of  the  rod :  divide  it  into  any  con- 
venient number  of  equal  parts,  say  five,  in  the  points  6,  c,  d,  e; 
and  divide  the  semicircle  bdefg 
into  the  same  number  of  equal 
parts  by  the  radial  lines,  ad,  ae, 
a  f.  From  a  as  a  centre,  with  a  b, 
a  c,  a  d,.  a  e,  as  radii,  describe 
circles  cutting  a  d,  a  e,  &c,  re- 
spectively, in  the  points  g,  k,  I,  m ; 
then  through  these  points  draw 
the  curve  a  j  k  I  m  c  ;  and  simi- 
larly in  the  semicircle  b  n  c  draw 
the  other  curve  a  n  p  c. 

All  lines  drawn  through  the 
centre  a  of  this  curve  are  equal ; 
thus  a  c  =  l  n  =  g  p  =  &c.  Hence, 
if  the  rod  had  two  pins  placed  at 
a  and  c,  the  camb  would  revolve 

between  them,  and  would  cause  the  rod  to  make  a  downward 
as  well  as  an  upward  stroke.  This  curve  is  the  spiral  of 
Archimedes. 

By  dividing  the  line  b  a  into  parts  having  a  varying  ratio 
to  one  another,  any  proposed  law  of  velocity  may  be  given  to 
the  rod. 

86.  In  fig.  63,  the  continuous  rotation  of  the  camb  a  e  c, 
revolving  on  the  axis  a,  gives  an  oscillating  motion  to  the  rod 


Fig.  63. 


Pig,  64. 


or  lever  f  a,  turning  on  the  centre  f.  In  one  revolution  of  the 
camb  the  rod  makes  a  double  oscillation  in  the  a  ax. 

87.  Wipers. — When  the  rod  is  to  receive  a  series  of  lifts 


K  2 
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with  intervals  of  rest,  the  camb  is  made  into  the  form  of  pro- 
jecting teeth,  which  are  commonly  called  Wipers  or  Tappets. 

88.  In  fig.  64,  the  revolving  cylinder  c  has  five  wipers  upon 
its  circumference,  which  give  five  downward  strokes  to  the 


Fig.  65. 


Fig.  66. 


hammer  h,  placed  at  the  extremity  of  the  lever  a  h,  in  each 
revolution  of  the  cylinder. 

89.  In  fig.  65,  two  tappets,  upon  the  revolving  cylinder  c, 
give  two  downward  strokes  to  the  heavy  bar  or  stamper  a  b  in 
each  revolution  of  the  cylinder.  In  this  case  the  bar  a  b  is 
constrained  to  move  in  a  rectilinear  path  by  means  of  guide 
rollers. 

90.  In  fig.  66,  a  single  wiper  on  the  cylinder  c  gives  an 
intermittent  rotation  to  the  ratchet  wheel  A  with  its  detent  D. 
At  each  revolution  of  c  only  one  tooth  in  a  is  moved  round,  so 
that  for  the  greater  portion  of  the  revolution  of  c  the  wheel  b 
is  at  rest. 

91.  In  fig.  67,  the  continuous  rotation  of  three  wipers, 

a,  by  c,  communicates  a  reci- 
procating rectilinear  motion 
to  the  frame  abcd,  The 
wiper  a  is  engaged  with  the 
pallet  e,  and  at  the  instant  of 
disengagement  the  wiper  b 

becomes  engaged  with  the  pallet  g,  and  then  the  frame  starts  in 
motion  in  a  direction  contrary  to  that  of  the  arrows  ;  and  so  on. 

The  Swash  Plate. 

92.  By  this  mechanism  the  continuous  rotation  of  an  axis 
produces  a  reciprocating  rectilinear  motion  in  a  rod  in  the 
direction  of  its  length. 


Fig.  ( 
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Here  c  e  represents  the  revolving  axis,  to  the  top  of  which 
is  fixed  the  inclined  circular  flat  plate  a  b,  called  the  swash 
plate  ;  a  d  p  the  rod  to  which  a  reciprocating  Fig  68# 
motion  is  given  in  the  direction  of  its  length,  j 
having  a  fractional  wheel  a  at  its  lower  extremity  ^ 
resting  on  the  swash  plate.  This  rod  is  kept  in  I 
contact  with  the  plate  by  its  own  weight,  or,  if 
this  be  not  sufficient,  by  means  of  a  spring. 
Now,  as  the  swash  plate  turns  round,  the  rod  a  p 
is  alternately  raised  and  depressed,  so  that  at  every 
revolution  of  the  plate  the  rod  performs  an  up- 
ward and  a  downward  stroke.  Supposing  the  rod,  as  repre- 
sented in  this  figure,  to  be  at  the  lowest  point  of  its  stroke ; 
from  C,  the  centre  of  motion  of  the  plate,  let  fall  c  d  per- 
pendicular to  a  p ;  then  A  D  will  be  equal  to  half  the  stroke  of 
the  rod.  Moreover,  let  0  be  any  angle  moved  over  by  the  axis, 
and  let  h  be  the  corresponding  space  moved  over  by  the 
extremity  a  of  the  rod  ;  then 

h  =  a  d  x  (1  —cos  0), 

which  gives  the  position  of  the  rod  at  any  point  of  the  rotation 
of  the  plate. 

93.  There  is  an  almost  endless  variety  of  combinations 
for  producing  reciprocating  motions  of  this  kind  by  means 
of  sliding  contact. 

94.  In  fig.  69,  an  eccentric  revolving  pin  e,  sliding  or 


Fig.  69. 


Fig.  70. 


working  in  the  slit  of  the  arm  r  a,  gives  a  reciprocating  motion 
to  the  rod  p  q  in  the  direction  of  its  length. 

95.  In  fig.  70,  the  same  effect  is  produced  by  the  rotation 
of  an  eccentric  wheel,  a  b,  on  its  axis  a,  within  the  frame 
c  d  p  E. 
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SCEEW8. 

96.  Construction  of  a  Helix  or  Screic. — Let  A  a  k  be  a 
cylinder,  and  a  d  e  a  piece  of  paper  cut  in  the  form  of  a 

Fig  7h  right-angled  triangle, 

e  having  its  height  D  e 
L  equal  to  the  height  a  k 
of  the  cylinder.  Now, 
if  this  paper  be  wrapped 
o  round  the  cylinder,  the 
slant  edge  a  e  of  the 
paper  will  trace  the  helix  or  screw  a  a  l  b  c  k  upon  the  cylinder. 
IfAB  =  BC  =  CD  be  equal  to  the  circumference  of  the  cylinder, 
the  edge  of  the  paper  will  form  four  convolutions,  and  the  per- 
pendiculars bp  =  io  =  he  will  be  the  distance  between  the 
threads  of  the  screw. 

97.  The  pitch  of  a  screio  is  the  distance  b  p  between  two 
successive  convolutions.  If  t  —  b  p,  the  distance  between  the 
threads  of  the  screw,  r  =  the  radius  of  the  cylinder,  6  =  angle 
bap;  then 

2  irr 
tan  6 


t  = 


98.  We  may  also  conceive  the  helix  of  the  screw  to  be 
formed  by  the  compound  motion  of  a  point.  Suppose  the 
cylinder  to  rotate  uniformly  upon  its  axis,  whilst  a  point  a 
upon  its  surface  at  the  same  time  moves  uniformly  in  the 
direction  of  its  length  ;  then,  with  this  compound  motion,  the 
point  a  will  trace  the  helix  of  a  screw. 

99.  Transmission  of  motion  by  the  screw. —  Let  e  a  nemo 
be  a  spiral  groove  cut  upon  a  cylinder ;  a  b  the  axis  on  which 

it  turns ;  d  e  a  rod  parallel  to 
the  axis  a  b,  and  constrained  to 
move  in  the  direction  of  its 
length ;  c  a  tooth  attached  to 
this  rod  fitting  the  groove  of  the 
screw.  Now,  when  the  wheel  c 
is  turned  in  the  direction  of  the 
the  tooth  with  the  rod 


Fig.  72. 


arrow, 


d  e  will  be  moved  from  left  to  right  in  the  direction  of  its 
length ;  that  is,  parallel  to  the  axis  of  the  screw. 
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The  velocity  ratio  of  the  wheel  c  and  the  rc»d  d  e  will  be 
constant,  for  we  have 

velocity  c        circum.  described  by  c 
velocity  c  d  pitch  of  the  screw 

If  r  be  the  radius  of  the  wheel  c\  r  =  the  radius  cylinder 
db,v=  velocity  circum.  c,  r  the  velocity  of  the  bar  d  e,  and 
80  on  as  in  Art.  97  ;  then  the  above  equality  becomes 

I  _  *JL!  ty,. 
v~     t  " 

.-.  I  =  itan  0  ...  (2); 
r  r 

and  when  R  =  r,  then 

V  =  tan  6  ...  (b): 

v 

that  is,  the  velocity  ratio  is  equal  to  the  tangent  of  the  angle 
which  the  thread  of  the  screw  makes  with  the  sides  of  the 
cylinder. 

100.  It  is  obvious  that  the  number  of  teeth  in  the  bar  d  k 
will  not  at  all  alter  its  motion. 

In  fig.  73,  the  screw 
acts  upon  a  series  of  teeth 
upon  the  rack  d  e.    This   F*  7a- 
arrangement,   called    the  ____/w 

rack  and  screw,  converts  \  

a  circular  motion  into  a 
rectilinear  one. 

Solid  Screw  and  Nut. 

101.  In  general  the  piece  acted  upon  by  the  screw  has  its 
teeth,  or  rather  its  threads,  formed  in  a  cavity 
which  embraces  the  whole  circumferences  of  the 
screw,  and  the  threads  of  the  one  exactly 
fitting  the  threads  of  the  other.  This  modifica- 
tion is  shown  in  fig.  74,  where  N  is  the  hollow 
screw  fitting  the  threads  of  the  screw  s.  The 
solid  piece  s  is  called  the  male  screw,  and  the 
hollow  piece  the  female  screw  or  nut. 

102.  Screws  are  either  left-handed  or  right  handed,  accord- 
ing to  the  direction  of  the  threads. 
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103.  It  is  important  to  observe  that  the  following  relations 
of  motion  subsist  between  the  solid  screw  and  the  nut : 

1.  When  the  nut  is  fixed,  the  solid  screw  will  have  a  motion 
in  the  direction  of  its  length  upon  being  turned  round. 

2.  If  the  nut  revolves  without  having  any  longitudinal 
motion,  the  solid  screw  will  have  a  motion  in  the  direction  of 
its  length  provided  it  is  incapable  of  revolving. 

8.  If  the  solid  screw  revolves  without  having  any  motion  in 
the  direction  of  its  length,  the  nut  will  have  a  longitudinal 
motion  provided  it  is  iucapable  of  revolving. 

The  first  two  cases  are  exemplified  in  the  different  forms 
which  are  given  to  the  common  press,  and  the  last  case  is 
exemplified  in  the  construction  of  the  self-acting  slide  rest  of 
the  lathe,  and  in  other  kinds  of  mechanism. 

The  screw  is  usually  employed  for  producing  very  slow  uni- 
form motions,  and  for  exerting  great  pressure  through  a 
limited  space. 

The  Common  Press. 


104.  In  fig.  75,  s  8  is  the  solid  screw,  n  the  nut,  H  P  the 
Fig.  7g  lever,  b  the  lower  press-board  which 

|— j-—  j   PTH    *8  con8^rame(i  to  move  in  an  upward 

I    '"~  7Z.m    1  0  0  "  direction  by  means  of  the  guide  frame. 

^^tUL-^L^A  /  Case  1. — In  this  case  the  nut  n  re- 
volves, but  does  not  move  longitudinally, 
but  the  screw  s  s  is  incapable  of  revolv- 
ing. Hence  the  press- board  b  is  moved 
upwards  at  every  revolution  of  the  nut 
over  a  space  equal  to  the  pitch  of  the 
screw,  or  the  distance  between  the 
threads ;  that  is, 

velo.  p        circum.  described  by  p 
velo.  b    distance  between  the  threads* 

Example. — Let  the  distance  between 
the  threads  =  }  in.,  the  length  of  the 
lever  n  p  =  2£  ft. ;  required  the  velocity  ratio  of  the  point  p 
and  the  press-board  b. 

velop  =  2  x  21  x  12  x  31416  m  . 
velo.  b  i  ' 

that  is,  the  velocity  of  p  is  753*984  times  that  of  b. 
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Case  2. — In  this  case  N  is  a  perforated  cylinder  forming 
part  of  the  solid  screw  8  8,  and  therefore  turns  with  it  on  a 
pivot  which  works  in  a  socket  placed  on  the  under  side  of  the 
press-board  B ;  the  piece  K  fixed  to  the  frame  contains  the 
hollow  or  female  screw ;  so  that  the  solid  screw  s  s  is  capable 
of  revolving  and  of  moving  longitudinally,  whilst  the  nut  k 
remains  absolutely  fixed. 


Compound  Screw. 

105.  This  mechanism  consists  of  two  screws  a  and  d,  the 
smaller  one  D  working  within  the  larger  one  a. 
The  screw  a  works  in  a  fixed  nut  or  female 
screw  at  k,  and  is  capable  of  revolving  and 
moving  in  the  direction  of  its  length ;  the  small 
screw  d  is  incapable  of  revolving,  but  is  capable 
of  moving  in  the  direction  of  its  length.  In  one 
revolution  of  the  lever  p,  the  screw  a  descends 
a  space  equal  to  the  distance  between  its 
threads,  but  at  the  same  time  the  screw  D 
enters  the  hollow  screw  formed  in  A  a  space 
equal  to  the  distance  between  the  threads  on  d, 
so  that  the  extremity  b  will  only  descend  a 
space  equal  to  the  difference  between  the  thick- 
ness of  the  threads  on  a  and  the  thickness  of 
the  threads  on  b  ;  hence  we  have 

velo.  P  circum.  described  by  p 

velo.  B      dist.  bet.  threads  on  a  —  dist.  bet.  threads  on  d. 

If  the  length  of  the  lever  p  =  r,  the  pitch  of  the  screw 
a  =  t,  and  the  pitch  of  D  =  tl  ;  then 

velo.  p      2  7r  r  m 


velo.  b 


t  -  t 


Example.— Let  r  =  5  ft,,  t  =  £  in.,  t]  =  §  in. ;  then 
velo.  p  _  2  x  5  x  12  x  3-1410 
velo.  b  i  —  i 


=  3015-936 


The  same  velocity  ratio  might  be  attained  by  making  the 
pitch  of  a  single  screw  a  equal  to  t  —  /„  but  the  threads,  in 
this  case,  might  be  too  weak  to  stand  the  pressure  ;  hence  the 
advantage  of  the  compound  screw. 
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Fig.  77. 


The  Endless  Screw. 

106.  When  the  threads  or  teeth  of  a  revolving  screw  are 

made  to  act  upon  the  teeth  of  a 
wheel,  as  in  fig.  77,  the  mechanism 
is  called  the  endless  screw.  Here, 
each  rotation  of  the  axis  a  b  of  the 
screw  turns  round  one  tooth  of  the 
wheel  c,  the  pitch  of  the  screw  on 
the  axis  a  b  being  equal  to  the  pitch 
of  the  teeth  on  the  wheel. 

If  q  and  q  be  the  synchronal  ro- 
tations of  the  wheels  and  the  screw 
respectively,  and  N  the  number  of 
teeth  in  the  wheel ;  then 

$  =  M  ... 
Q 


If  N  =  40,  then,  ?  =  40  ;  that  is,  for  every  revolution  per- 

formed  by  the  wheel  the  screw  will  make  40. 

If  r,  r  be  the  respective  pitch  radii  of  the  wheel  and  screw, 
0  being,  as  before,  the  angle  which  the  thread  of  the  screw 
makes  with  its  axis  ;  then 


g 
Q 


R 


tan  0  ...  (2). 


The  Differential  Screw. 

107.  ad  is  an  axis  on  which  are  formed  two  screws,  a  b 
Fig  7g  and  b  c,  whose  pitches  are 

different.  The  screw  a  b 
passes  through  a  fixed  nut 
or  female  screw  e,  whilst 
b  o  passes  through  a  nut  n 
which  is  capable  of  moving 
longitudinally,  but  incapable 
of  revolving  from  the  inter- 
vention of  the  guides. 
Let  the  screw  make  one  turn  so  as  to  move  the  cylinder 
m  right  to  left,  then  the  screw  a  b  will  move  through  the 


Digitized  by  Google 


MOTION  BY  SLIDING  CONTACT.  50 

fixed  nut  e  a  space  equal  to  the  distance  between  its  threads ; 
but,  at  the  same  time,  the  screw  b  c  will  move  through  the  nut 
n  a  space  equal  to  the  thickness  of  the  threads  on  b  c  ;  so  that 
the  nut  n-  will  only  be  moved  through  a  space  equal  to  the 
difference  between  the  thickness  of  the  threads  on  a  b  and  b  c  ; 
that  is 

In  one  revolution  of  a,  the  space  moved  over  by  the  nut 
N  =  pitch  screw  a  b  —  pitch  screw  n  c  =  t  —  tv  where  t  is 
put  for  the  pitch  of  the  screw  a  b,  and  tx  for  that  of  b  c. 

If  t  =  tv  then  nut  n  will  remain  at  rest. 

If  the  screw  a  b  be  right-handed,  and  b  c  left-handed,  then 
/  +  tx  will  be  the  space  moved  over  by  the  nut  H  in  one  revo- 
lution Of  A. 

The  Archimedian  Screw  Creeper. 

108.  This  machine  is  used  for  conveying  corn  from  one 
part  of  a  corn  mill  to  another.  It  consists  of  a  wooden  cylin- 
drical trough,  a  B  c  D,  with  which  revolves  a  shaft,  E  f,  having 


Fig 


a  deep  spiral  thread  formed  upon  its  surface.  The  corn  is 
dropped  in  at  one  extremity  of  the  trough  by  a  hopper,  and 
by  the  revolution  of  the  creeper  the  corn  is  pushed  along 
towards  the  other  extremity  of  the  trough. 

Mechanism  for  Cutting  Screws. 

109.  CD  is  the  cylinder  or  axis  on  which  the  screw  is  to  be 
cut,  revolving  with  the  mandril  d  of  the  lathe ;  a  a  toothed 
wheel  revolving  with  the  axis  c  D,  and  giving  motion  to  the 
toothed  wheel  b,  round  its  axis  p  e,  on  which  is  cut  the  parent 
screw ;  this  screw  gives  a  longitudinal  motion  to  the  nut  N,  as 
in  Case  2,  carrying  the  sliding  table  or  saddle  upon  which  is 
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securely  clamped  the  cutting  tool  p  intended  to  cut  the  thread 
of  the  screw  on  the  cylinder  c  d.  In  the  place  of  the  wheels 
a  b,  any  combination  of  wheels  may  be  used  so  as  to  produce 
any  relative  longitudinal  velocity  to  the  cutting  tool  p,  and 
thereby  to  form  a  screw  of  any  given  pitch  on  CD  with  the 
same  parent  screw  p  e. 

Fig.  80. 


Let  n  =  the  no.  teeth  on  the  wheel  a,  n,  =  the  no.  teeth 
on  B,  t  =  the  pitch  of  the  screw  on  od,I,  =  the  pitch  of  the 
8 crew  on  p  e  ;  then 


n 


t  =  =  •<,...(!), 


n 


which  expresses  the  pitch  of  the  screw  on  o  d. 
From  this  equality  we  get 

!-==-...  (2); 

that  is  to  say,  the  pitches  of  the  screws  are  in  the  ratio  of  the 
number  of  teeth  on  their  respective  wheels. 
If  nx  and  f,  be  constant,  then 

t  x  n; 

that  is  to  say,  the  pitch  of  the  screw  on  c  D  varies  with  the  number 
of  teeth  on  its  wheel  A. 
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Let  h  and  kx  be  the  number  of  threads  per  inch  on  the 
cylinders  c  d  and  p  E  respectively,  then 

_  ss  t%  and  —  =  tt% 
k       9        ft,  " 


and  eq.  (2)  becomes 


I  =  5  (3). 
At,  H 


Now,  let  there  be  an  intermediate  pinion  and  wheel,  turn- 
ing on  the  same  axis,  placed  between  a  and  B ;  and  let  the 
pinion  (acted  upon  by  a)  contain  e,  teeth,  and  the  wheel  e 
teeth ;  then  the  velocity  ratio  of  the  axis  f  e  will  be  increased 

by  the  ratio  -,  and  hence  eq.  (8)  becomes 

kr  =  *'  e  ...  (4). 
Example. — Let  n  =  30,  ?t,  =  10,  tx  =  £  in. ;  required  t. 
Here  by  eq.  (1),  <  =  -./,  =  L^J  x  i  =  1£  in. 


Fig.  81. 


To  produce  a  changing  reciprocating  rectilinear  motion  by  a 
combination  of  the  camb  and  screw. 

110.  e  f  is  a  conical  shaped  camb,  turning  on  the  eccentric 
axis  a  B,  on  which  is  cut  the  screw  K  b,  working  in  the  fixed 
nut  or  hollow  screw  n  ;  D  c  a  rod 
resting  on  the  camb,  coustrained  to 
move  in  the  direction  of  its  length, 
and  to  which  the  varying  recipro- 
cating motion  is  to  be  given.  Here, 
whilst  the  camb  revolves,  it  has  a 
continuous  motion  in  the  direction 
of  the  axis  a  b,  so  that  the  lower 
extremity  c  of  the  rod  D  c  describes 
a  spiral  or  screw  curve  upon  the  cone 
whose  pitch  is  equal  to  the  pitch  of 

the  screw  k  b.  The  effect  of  this  is  to  make  c  d  reciprocate 
in  its  path  in  such  a  manner  that  the  stroke  in  one  direction 
is  shorter  than  that  in  the  opposite  direction. 


Digitized  by  Google 


02 


PRINCIPLES  OF  MECHANISM. 


To  produce  a  boring  motion  by  a  combination  of  the  screw 

and  toothed  wheels. 

111.  Here  it  is  required  to  produce  a  rapid  rotation  com- 
bined with  a  very  slow  motion  in  the  direction  of  the  axis. 

The  screw  I  b  is  cut  upon  a  portion  of  the  revolving  axis 
A  B ;  this  screw  passes  through  a  nut  k  capable  of  revolving 

with  the  wheel  o,  but  incap- 
able  of  moving  in  the  direc- 
tion of  its  axis,  as  in  Case  2, 
page  57  ;  the  wheel  g  is  driven 
by  the  pinion  p  revolving  on 
the  parallel  axis  d  c  ;  e  is  a 
long  piniun,  turning  on  this 
axis,  and  acting  on  the  wheel 
l,  which  transmits  a  rotatory- 
motion  to  the  screw  axis  a  b.  Now,  the  rotation  of  c  D  pro- 
duces a  rotatory  motion  in  the  axis  a  b,  and  at  the  same  time 
causes  it  to  advance,  in  the  direction  of  its  length,  with  a 
velocity  determined  by  the  following  formula : 

Let  q,  q„  qv  be  the  synchronal  rotations  of  the  axis  c  d,  the 
nut  k,  and  wheel  o,  and  the  wheel  and  axis  a  b,  respectively  ; 
N,  n„  n,  np  the  number  of  teeth  in  the  wheels  p,  g,  e,  l, 
respectively ;  8  the  space  moved  over  by  a  b  in  the  direction 
of  its  length ;  and  t  =  the  pitch  of  the  screw  I  b. 

Now,  q,  rotations  of  the  nut  k  move  the  screw  a  b  through 
a  space  equal  to  q,  x  t ;  but  qx  rotations  of  l  move  the  screw 
through  a  space,  in  the  opposite  direction,  equal  to  q}  x  t ; 


therefore  in  q  rotations  of  the  axis  o  d  the  screw  a  b  will  be 
moved  through  a  space  equal  to  the  difference  between  q  x  t 
and  <j,  x  t ;  that  is 

but-Q>  =  *,  and 


Q 


N 


S 


Q  t  ...  (1). 


Now,  the  difference  —  —  -  may  be  very  small  as  compared 

with  q,  and  consequently  s  may  be  made  as  small  as  we  please 
as  compared  with  q,  which  is  the  condition  required  for  the 
construction  of  a  boring  instrument.  The  boring  tool  is  placed 
upon  one  extremity  of  the  axis  a  b. 
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SECTION  in. 

OA'  PRIME-MOVERS. 

CHAPTER  L 

ON  THE  ACCUMULATION  OP  WATER  AS  A  SOURCE  OP  MOTIVE  POWER. 

The  machinery  of  mills,  as  a  whole,  may  be  generally  divided 
into  three  classes: — the  prime-movers,  from  which  the  power 
is  derived  for  keeping  the  machinery  of  the  mill  in  motion ; 
the  transmissive  machinery  or  mill-work  (shafting,  gearing, 
&c.),  by  which  the  power  obtained  throngh  the  prime-mover  is 
distributed  over  the  different  parts  of  the  mill,  so  that  it  may 
be  applied  at  the  most  convenient  place  and  at  the  required 
velocity;  and  lastly,  the  machines,  technically  so  called,  by 
which  the  special  operations  of  the  mill  in  the  preparation  of 
its  manufactures  are  carried  out.  It  will  be  convenient  to  treat 
of  these  divisions  in  separate  sections  and  in  the  order  just 
named. 

Prime-movers  are  those  combinations  of  mechanism  which 
receive  motion  and  force  directly  from  some  natural  source  of 
power,  and  convert  it  into  that  condition  in  which  it  is  appli- 
cable to  the  purposes  of  manufacture.  Thus  the  water  wheel 
takes  from  the  falling  water  a  part  of  the  work  accumulated  in 
it,  and  imparts  it  as  a  rotatory  motion  to  the  machinery  of  the 
mill ;  and,  similarly  in  the  steam  engine,  the  heat-force  of  the 
fuel  is  converted  through  the  medium  of  the  pressure  of  the 
steam  into  motive  power  in  a  condition  for  producing  work  or 
mechanical  effect.  Also  the  force  of  currents  in  the  atmosphere 
impinging  upon  the  expanded  sails  of  windmills  has  been  in 
former  days  extensively  employed  as  a  motive  power.  From 
these  three  sources,  falling  or  moving  water,  the  combustion 
of  coal  in  the  production  of  steam,  and  wind,  we  derive  almost 
exclusively  at  the  present  time  the  motive  power  necessary  for 
carrying  on  our  immense  mining  and  manufacturing  systems. 
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It  is  only  of  late  years  that  in  this  country  the  steam 
engine  has  nearly  superseded  the  use  of  air  and  water  as  a 
prime-mover.  Until  recently  steam  has  been  auxiliary  to 
water;  it  is  now  the  principal  source  of  power,  and  water- 
falls are  of  comparatively  small  value,  except  in  certain  districts. 
So  long  as  water  was  depended  upon,  the  mills  of  Great  Britain 
and  Ireland  were  necessarily  circumscribed  in  their  operations 
and  diminutive  in  size ;  they  have  now  become  so  colossal  that 
they  require  Bteam  engines  of  much  greater  power  than  the 
largest  water  wheels,  and  there  appears  to  exist  no  limit  to  the 
magnitude  and  importance  to  which  they  may  yet  attain. 

Water  wheels,  therefore,  are  those  prime-movers  which  re- 
ceive a  certain  portion  of  their  energy  from  falling  or  flowing 
water,  and  their  power  or  dynamic  effect  clearly  depends  upon 
the  amount  of  water  supplied  and  the  height  through  which  it 
falls,  or  its  velocity  at  the  point  of  application.  Hence  water 
wheels  are  usually  placed  on  the  banks  of  rivers  where  a  large 
body  of  water  is  at  hand,  and  near  some  considerable  natural 
or  artificial  fall  in  the  bed  of  the  stream. 

A  curious  and  interesting  phenomenon  occurs  in  the  neigh- 
bourhood of  Argostoli,  and  is  taken  advantage  of,  as  described 
in  Ansted's  '  Ionian  Islands,'  in  the  following  manner : 

'At  four  points  on  the  coast,  the  sea,  at  its  ordinary  level, 
enters  a  very  narrow  creek,  or  broken  rocky  channel,  and  after 
running  somewhat  rapidly  through  this  channel  and  among 
broken  fragments  of  rock  for  a  short  distance, -it  gradually 
becomes  sucked  into  the  earth  and  disappears.  By  conducting 
the  water  through  an  artificial  canal  for  a  few  yards,  and  so 
regulating  its  course  and  forcing  all  the  water  that  enters  to 
pass  in  a  single  stream  beneath  an  undershot  wheel,  power 
enough  is  obtained  in  two  cases  to  drive  a  mill.  Mills  have, 
in  fact,  been  placed  there  by  an  enterprising  Englishman,  and 
are  constantly  at  work.  The  stream,  after  being  utilised,  is 
allowed  to  take  to  its  natural  channel,  and  is  lost  among  the 
rocks. 

'It  is  common  enough  to  drive  a  wheel  by  a  current  of 
water  going  from  the  land  towards  the  sea ;  but  it  is  certainly 
rare,  and,  as  far  as  I  am  aware,  peculiar  to  the  locality,  to  find 
mills  driven  by  a  current  of  sea  water  acting  quite  indepen- 
dently of  tide,  the  water  constantly  and  steadily  rushing  in 
over  the  earth's  surface  and  finally  disappearing. 
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*  The  general  condition  of  the  surface  is  as  follows : 

*  The  small  harbour  of  Argostoli  is  enclosed  on  both  sides 
by  the  hard,  broken,  limestone  rock  so  common  in  the  islands. 
On  the  east  side  it  rises  immediately  into  hills  of  moderate 
elevation ;  and  on  the  west  side,  behind  the  town,  there  is  a 
plateau,  scarcely  above  the  usual  level  of  the  water,  rising 
about  two  or  three  hundred  yards  from  the  shore  into  a  low 
ridge,  which,  in  fact,  by  its  projection  into  the  gulf,  makes  the 
harbour.  Between  the  shore  line  and  this  low  ridge  there  is 
an  evident  depression  of  the  surface  in  all  that  part  over  which 
tbe  sea  when  it  enters  is  sucked  in.  There  is  evidently  beneath 
this  part  an  extensive  cavernous  tract,  which  may  well  hold 
much  more  water  than  during  any  ordinary  season  or  succession 
of  seasons  can  drain  naturally  into  it,  in  consequence  of  the 
rainfall  at  the  surface. 

'But  what,  it  will  be  asked,  becomes  of  the  waters  of  the 
sea  thus  pouring  in  continually  to  fill  the  cavern?  Certainly, 
in  time,  any  cavity  must  be  filled,  if  it  has  no  natural  outlet, 
and  if  water  is  constantly  entering  it.  How,  also,  can  the  water 
run  off,  if  its  level  in  the  cavern  is  below  the  sea  level?  It  is 
not,  perhaps  so  difficult  as  may  be  thought  to  answer  these 
queries. 

'The  water  that  everywhere  enters  the  earth  is  always 
circulating.  It  not  only  pours  down  into  and  amongst  all 
rocks,  but  is  afterwards  lifted,  and  the  level  of  these  sub- 
terranean stores  is  greatly  elevated  by  operations  going  on  at 
the  surface,  often  at  a  great  distance  above. 

*The  cause  of  this  is  evaporation,  which  proceeds  incessantly 
from  the  surface  of  all  rocks,  but  especially  from  limestones. 
The  narrow  crevices,  common  in  limestone  rocks,  act  as  capil- 
lar)- tubes.  When  water  falls  on  the  surface  of  such  rock,  it 
finds  its  way  down  readily,  and  this  seems  quite  natural ;  but 
when,  in  hot  countries,  where  there  is  a  long  summer  season  of 
great  drought,  the  surface  becomes  dry  and  hot,  moisture  rises 
in  steam  from  below ;  and,  as  the  heat  and  dryness  increase, 
the  accumulated  waters  become  more  and  more  exhausted.  All 
this  goes  on  without  reference  to  the  actual  level  of  the  water 
line  within  the  earth,  which  may  be  far  beneath  the  level  of 
the  sea. 

'That  this  is  the  case  in  the  softer  limestone  rocks,  even 
when  not  cracked,  has  been  proved  by  actual  experiment.  That 
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it  takes  place  to  an  enormous  extent  in  the  limestones  of  the 
eastern  Mediterranean  is  proved,  if  in  no  other  way,  by  the 
fact  that  vines  planted  among  bare  stones,  without  soil,  obtain 
an  ample  supply  of  moisture  from  the  earth,  and  ripen  their 
fruit  to  perfection  in  the  hottest  and  driest  seasons.  No  doubt 
the  earth  and  rocks  are  hot,  and  appear  dry ;  but  so  long  as 
there  remains  any  water  below  that  has  passed  down  during 
the  rainy  season,  so  long  will  a  part  of  that  water  be  given 
back  to  the  dry  and  thirsty  soil  above. 

'If,  then,  as  is  probably  the  case,  there  is  so  large  an 
evaporation  from  that  part  of  the  surface  of  the  Island  of 
Cephalonia  within  range  of  this  district  as  to  keep  the  water 
level  of  the  year  below  the  sea  level,  in  spite  of  the  joint  supply 
of  rain  and  sea  water,  it  is  clear  that  the  water  may  run  in  for 
ever  at  the  same  rate  without  filling  up  the  space.  And  this  I 
believe  to  be  the  correct  explanation  of  the  phenomenon. 

1  The  influx  of  water,  however,  is  not  small.  It  amounts,  as 
far  as  I  could  make  out,  to  more  than  half  a  million  of  gallons 
per  diem  for  the  two  mills  together.  The  fall  of  water  from 
the  sea  level  into  the  cavities,  where  it  disappears,  seems  to  be 
little  more  than  a  foot  or  eighteen  inches. 

'  It  will  be  evident  that,  if  the  sea  water  finds  its  way  into 
any  large  natural  cavity  from  which  it  is  afterwards  evaporated, 
a  deposit  of  salt  must  be  taking  place  in  this  cavity,  or  in  rocks 
adjacent  or  connected  with  it.  Assuming  the  influx  to  be  at 
the  rate  already  mentioned,  this  may  be  estimated  roughly  at 
about  equivalent  to  an  area  of  10  acres  or  12  acres  of  solid 
matter  1  foot  thick,  accumulated  each  year.  It  is  an  interest- 
ing question  to  consider  where  this  deposit  is  going  on,  and 
whether  saline  springs  may  not  thus  be  fed.  There  are  no 
known  springs  in  the  Island  of  Cephalonia  that  present  any 
large  quantity  of  saline  matter.' 

At  the  commencement  of  the  present  century,  when  the 
land  was  imperfectly  drained,  the  soil  and  surrounding  marshes, 
having  no  outlet,  retained  and  stored  up  the  rainfall,  and  be- 
came the  great  holders  or  reservoirs  by  which  the  waters  were 
impounded,  and  the  flow  of  our  rivers  regulated  with  greater 
uniformity  than  at  present.  Since  the  introduction  of  an  ex- 
tended system  of  drainage  the  whole  character  of  our  rivers 
has  been  changed,  and  now  discharge  their  contents  with 
much  greater  rapidity  and  in  larger  volumes  than  they  were 
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accustomed  to  do  before  these  improvements  were  introduced. 
The  result  of  this  has  been  favourable  to  the  land  but  injurious 
to  the  mills,  both  as  regards  uniformity  and  the  loss  of  power, 
as  nearly  one  half  the  supply  is  carried  off  by  floods  and  can- 
not be  retained  for  the  use  of  the  mills.  In  all  districts  of 
the  country  where  drainage  and  an  improved  system  of  tillage 
have  come  into  operation,  the  effect  has  been  a  serious  loss  to 
the  owners  of  water  mills,  and  has  driven  most  of  them  to  the 
use  of  steam,  either  as  an  auxiliary,  or  in  some  instances 
exclusively  as  a  substitute  for  water. 

In  some  districts  and  on  some  rivers  the  system  of  im- 
pounding the  rainfall  on  the  higher  lands  has  been  introduced; 
and  particularly  where  manufacturing  processes  are  carried  on, 
and  a  large  body  of  men  employed,  it  is  essential  to  success 
that  there  should  be  no  stoppages,  and  that  there  should  be 
always  at  command  a  uniform  power  equal  to  the  requirements 
of  the  mill.  Now,  as  the  quantity  of  water  in  rivers  varies 
considerably  at  different  periods  of  the  year  and  in  different 
conditions  of  weather,  it  has  been  found  necessary,  in  many 
instances,  to  impound  the  water  by  means  of  reservoirs  placed 
at  the  sources  or  the  higher  portions  of  the  river,  so  as  to  retain 
the  waters  of  wet  seasons,  and  to  part  with  them  again  in 
periods  of  drought  and  deficiency.  To  a  small  extent  this  may 
be  effected  by  weirs  thrown  across  the  river,  so  as  to  retain  the 
water  which  comes  down  at  night  for  the  use  of  the  mill  during 
the  day.  But  in  many  instances  large  reservoirs  of  a  hundred 
or  more  acres  in  extent,  and  containing  when  full  several  mil- 
lion cubic  feet  of  water,  have  been  constructed.  In  these  the 
drainage  from  a  large  extent  of  country  is  collected  during  the 
rainy  seasons,  and  remains  stored  for  use  whenever  the  supply 
of  water  in  the  river  becomes  inadequate ;  in  this  way  damage 
from  floods  is  prevented  on  the  one  hand,  and  the  supply  for  an 
indefinite  period  of  time  is  equalised  on  the  other.  Among 
the  large  works  of  this  kind  are  the  Shaw's  waterworks  at 
Greenock,  and  the  Lough  Island  Reavy  or  Bann  reservoirs  in 
the  county  of  Down  in  the  north-east  of  Ireland,  together  with 
later  works  of  the  same  kind  for  the  supply  of  water  to  the 
cities  of  Glasgow  and  Manchester,  Melbourne  (Australia),  &c. 

Reservoirs  are  best  placed  in  hilly  districts,  at  the  bottom 
of  a  valley  into  which  the  water  drains  from  a  considerable 
extent  of  country.    In  selecting  a  site  for  reservoirs  regard 
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must  first  be  had  to  the  value  of  the  land.  They  should  be 
placed  in  retired  valleys,  where  the  cost  of  the  land  does  not 
bear  a  high  ratio  to  the  cost  of  construction,  and,  should  there 
exist  a  natural  lake,  it  may  be  converted  into  a  reservoir  with 
greatly  increased  economy.  Regard  must  also  be  had  to  the 
nature  of  the  site.  The  reservoir  should  be  restrained  as  far 
as  possible  by  the  natural  rise  of  the  ground  around  it,  in  order 
that  as  few  embankments  as  possible  may  be  requisite  for  the 
retention  of  the  water.  Again,  the  geological  structure  of  the 
country  must  be  examined,  as  the  quantity  of  water  to  be 
expected  to  flow  from  a  flat  country,  well  clothed  with  vege- 
tation, will  be  very  different  from  that  which  will  pour  in 
torrents  down  the  steep  declivities  of  uncovered  mountains. 
In  districts  of  limestone,  abounding  in  vertical  fissures  and 
subterranean  cavities,  a  very  much  smaller  quantity  of  water 
will  drain  off  the  higher  districts  than  from  a  non- absorbent 
formation  of  primitive  rock,  or  where  the  beds  are  horizontal 
and  impervious.  The  steeper  the  district  and  the  more  rapidly 
the  water  is  discharged  to  the  reservoir,  the  less  will  be  lost  by 
evaporation  and  absorption. 

It  is  necessary,  in  constructing  reservoirs,  to  obtain  some 
measure  of  the  quantity  of  water  which  may  be  expected  to 
accumulate  annually,  in  order  to  provide  sufficient  storage.  For 
this  purpose  it  is  most  important  to  determine  the  area  of 
land  draining  into  the  valley  chosen  for  the  formation  of  the 
reservoir,  and  the  average  annual  rainfall  of  the  district,  with, 
if  possible,  the  probable  loss  or  waste  arising  from  the  re- 
evaporation  and  absorption  by  vegetation,  &c. 

To  ascertain  the  drainage  area  it  is  sufficient  to  determine 
the  summit  level  or  watershed,  i.e.,  the  ridge  surrounding  the 
valley  which  marks  the  line  at  which  the  streams  flow  in 
opposite  directions  into  contiguous  valleys.  This  may  be  de- 
termined by  a  special  survey,  with  a  careful  examination  of  an 
accurate  chart  like  the  Ordnance  map,  on  which  the  contour 
of  the  country,  brooks,  &c,  are  plainly  marked.  The  whole  of 
the  basin  included  within  the  watershed  is  termed  the  catch- 
ment basin.  In  the  case  of  the  Bann  reservoirs  it  amounts  to 
3  300  statute  acres  in  extent;  in  that  of  the  Greenock  reser- 
voirs to  5,000  acres ;  at  the  Manchester  waterworks  to  1 9,000 
acres. 

Of  late  years  an  immense  number  of  experiments  have  been 
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made  on  the  rainfall  in  different  parts  of  Europe,  and  with  con- 
siderable success  in  determining  the  laws  of  rain  distribution. 
For  England  the  annual  average  rainfall  amounts  to  about 
36  in.  in  depth  over  the  entire  surface,  distributed  throughout 
the  year  as  in  the  following  table  : 


Table  of  Mean  Rainfall  at  London  and  Manchester. 


I- —  

Greenwich.' 

Month. 

Average 

for 
34  years 
in  ins. 

Greatest 
fall  in 
one  month 

Least  fall 
in 

one  mouth 

Average 

for 
64  yearn 

in  in:-. 

Greatest 
fall  in 
one  montlj 

tall  la 
one  month 

January   

February  

March  

April  

May  

June  

July  

August  

1  Sept  ember  .... 
October  ..... 

November  

December  .... 

1-68 
1-58 
1*61 
1-73 
1-96 

1-  83 

2-  37 
2-40 
2-40 
2-67 
2-53 
202 

4-83 

3-  69 
345 

4-  79 
4-16 
4-26 
6-65 
4-65 

4-  79 

5-  37 
4-33 
4-72 

0-30 
0*04 
0-40 
006 
0-50 
0-59 
010 
007 
0-40 
0-53 
085 
008 

24915 
2-4190 
2-2588 
20225 
2-3746 

2-  8483 

3-  7231 
3-5715 
31 353 
3-8404 
3-5682 
3-3088 

5-85 
656 

6  03 
4  -75 
8-00 

7  05 
11-48 

8-  74 

9-  00 
900 
7-37 
9-50 

032 
0-44 
0-18 
016 
009 
0-20 
0-29 
0-73 
0-24 
0-60 
0-62 
007 

Mean  annual  depth . 

24-781 

35-5620 

This  would  give  a  mean  of  30  inches,  but  it  must  be  borne 
in  mind  that  in  the  lake  districts  and  all  along  the  west  coast 
there  is  an  annual  fall  of  rain  greatly  exceeding  that  amount, 
and  in  some  places  in  the  higher  districts  in  Cumberland  the 
returns  have  been  as  high  as  180  to  200  inches;  from  this  it 
will  be  seen  that  86  inches  is  a  fair  average  for  the  whole 
surface  of  Great  Britain. 

It  is,  however,  important  in  the  construction  of  reservoirs 
to  have  observations  of  the  rainfall  in  the  district  in  which  they 
are  to  be  placed.  Local  causes  greatly  influence  the  quantity 
of  rain;  thus  the  average  fall  in  Essex  is  about  20  in.,  whilst 
at  Keswick,  in  Cumberland,  it  is  as  much  as  67*5  in.,  and  at 
Seathwaite,  in  the  same  county,  it  averages  the  enormous 
quantity  of  141*5  in. 

The  method  of  determining  the  rainfall  is  very  simple.  A 

•  J.  H.  Belville. 

t  Principally  from  Dr.  Dalton.  See  Manchester  Memoira. 
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cylindrical  vessel,  of  the  form  shown  in  section  in  fig.  83,  is 
placed  on  the  ground  or  sunk  into  it  in  such  a  manner  that  its 
mouth  is  about  12  in.  above  the  surface.  Sometimes  a  per- 
manent rod  and  float  is  added  by  means  of  which  the  depth  of 

rain  received  on  the  funnel  and  preserved 
in  the  vessel  is  read  off  at  sight;  and  for 
ordinary  purposes  this  is  probably  the  best 
plan.  But  where  the  greatest  accuracy  is 
requisite  it  is  necessary  either  to  tie  down 
the  rod  or  to  remove  it  altogether  after 
making  an  observation,  as  otherwise  the 
rain  in  driving  obliquely  impinges  upon  the 
rod  instead  of  passing  over  the  funnel,  and 
a  slight  excess  is  in  this  way  registered 
above  the  true  rainfall  upon  the  area  of  the 
vessel.  It  is  most  accurate,  however,  to 
draw  off  the  rain  and  measure  it  in  a  gra- 
duated glass  tube.  By  placing  t  wo  or  three  of  these  rain  gauges 
at  different  elevations  around  the  site  of  a  proposed  reservoir,  and 
examining  them  at  convenient  intervals  of  a  week  or  month,  it 
is  easy  to  estimate  the  exact  quantity  of  rain  which  falls  upon 
the  catchment  basin  in  the  course  of  one  year ;  which,  with 
certain  deductions,  is  the  quantity  to  be  provided  for  in  the 
reservoir.  The  precaution  of  placing  the  gauges  within  5  in. 
or  a  foot  of  the  ground  is  important,  as,  in  accordance  with  an 
ill-understood  law,  the  quantity  of  rain  rapidly  decreases  even 
at  slight  elevations  from  the  ground,  and  it  is  also  important 
to  place  the  gauge  where  no  artificial  currents  of  air  are 
created,  as  by  the  sloping  side  of  the  roof  of  a  house.  This 
subject  was  fully  investigated  several  years  ago  by  Mr.  J.  F. 
Bateman  and  a  committee  of  the  Manchester  Philosophical 
Society.  Observations  had  been  made  on  and  near  the  lines 
of  the  Ashton  and  Peak  Forest  Canals,  about  the  accuracy  of 
which,  from  their  disagreement,  doubts  had  arisen.  The  gauges 
in  these  observations  were  placed  on  the  ridging  of  the  roofs  of 
the  houses  of  the  various  lock-keepers,  under  the  impression 
that,  from  the  exposure  of  the  position,  all  the  rain  which  fell 
must  there  be  caught.  New  gauges  were  placed  in  the  same 
localities,  but  at  the  surface  of  the  ground,  and  the  results  of 
these  experiments  were  as  follows : 
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Locality 

Gauge 
on  roofs 

(iauge 
od  ground 

per  cent,  on 
ground 

Near  Middleton  .... 
Near  Rochdale  .... 
Whitebolm  Reservoir 
Blackstone  Ed^e  .... 

8  lack  house  

Sowerby  Bridge  .... 

in. 
1814 

20-50 

22-  64 

23-  45 

24-  81) 
16-77 

in. 
28-8 
30-3 
35- 1 

34-  2 

35-  9 
23-8 

58-76 

47-8 

55-0 

45-84 

44-23 

41-92 

This  enormous  difference,  amounting  to  50  per  cent,  on  the 
average,  fully  proves  the  unfitness  of  the  roofs  of  houses  for 
registering  the  rainfall.  The  upward  currents  of  wind  created 
by  the  sloping  roof  appear  to  have  carried  the  raindrops  over 
the  edge  of  the  gauge. 

Dr.  Heberden  found  the  annual  fall  of  rain  at  the  top  of 
Westminster  Abbey  to  be  12*099  in.;  on  the  top  of  a  house 
close  by  of  much  inferior  altitude,  18*139  in.;  on  the  ground, 
22*608  in. 

Mr.  Phillips,  at  York,  found  the  total  fall  for  three  years  at 
an  altitude  of  213  feet  to  be  38*972  in. ;  at  44  feet,  52*169  in. ; 
and  on  the  grouud,  65*430  in. 

Notwithstanding  the  explanations  of  these  facte  which  have 
been  offered,  Sir  J.  F.  W.  Herschel  has  within  the  last  year 
asserted  that  the  cause  is  yet  to  seek.  The  raindrops  certainly 
appear  to  increase  in  size  in  the  moist  lower  strata  of  the 
atmosphere. 

Mr.  Phillips's  explanation  has  been  accepted  by  some  me- 
teorologists, that  this  augmentation  is  caused  by  the  deposition 
of  moisture  on  the  surface  of  the  drop,  in  consequence  of  its 
temperature  being  lower  than  that  of  the  moist  strata  of  air 
through  which  it  passes.  But  this  does  not  appear  to  be 
consistent  with  the  fact,  that  in  the  condensation  of  vapour 
a  large  amount  of  latent  heat  would  be  liberated.  Mr.  Baxen- 
dale,  who  pointed  this  out,  estimates,  from  Professor  Phillips's 
observations,  that  in  the  condensation  of  the  amount  of  water 
which  corresponds  to  the  augmentation  of  the  raindrop  in  a 
fall  of  213  feet  sufficient  heat  would  be  liberated  to  raise  the 
temperature  of  the  drop  to  434°  F. 

The  quantity  of  rain  which  falls  in  twenty-four  hours  is 
about  1  in.  at  the  maximum  in  average  districts  in  England, 
although  in  the  remarkably  exceptional  district  in  Borrowdafc, 
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already  alluded  to,  6*7  in.  have  been  known  to  fall  in  the  same 
period.  The  western  coaats  generally  receive  a  larger  propor- 
tion of  water  than  other  districts.  Mountainous  districts  in 
this  country,  to  an  elevation  of  2,000  feet,  receive  a  larger 
proportion  of  rain  than  lowlands.  According  to  the  late 
Dr.  Miller,  there  fell  in  twenty-one  months  in  the  lake 
district : 


In  the  valley,  160  feet  above  the 
fctyehead,  1,290  „ 
Scatoller,  1,334 
Sparkling  Tarn,  1,900  „ 
Great  Gable,  2,025  „ 
Scawfcll,  3,160  „ 


170  55  inches. 
185-74  „ 
180-28  „ 
207-iM  „ 
136-98  „ 
12815  ,. 


Mr.  Bateman's  observations  agree  with  these  results  in 
proving  the  increase  of  rainfall  corresponding  to  increased 
elevation,*  as  shown  by  the  following  figures,  representing  the 
rainfall  near  Glossop  in  one  year : 

Westerly  foot  of  hills,  500  feet  above  the  sea    .       .  45-0  inches. 

„       edge  of  table-land,  1,500      „  .       .  67-8  „ 

Easterly  edge  of  Kinderscout,  1,600    „  .       .  77*45  „ 

„      foot  of  hills   40-85  „ 

After  having  determined  from  these  considerations  the 
quantity  of  water  annually  falling  on  the  drainage  district 
of  a  proposed  reservoir,  it  is  necessary  in  the  next  place  to 
ascertain  the  probable  loss  from  evaporation  and  other  causes 
during  the  transmission  to  the  reservoir.  The  numerous  ex- 
periments on  evaporation  made  upon  small  surfaces  of  water 
and  of  earth  may  be  dismissed  as  having  afforded  too  in- 
consistent results  to  be  of  any  practical  value,  f  Dr.  Dalton's 
experiments  are  accurate  and  valuable  as  far  as  they  go,  but 
they  are  deficient  in  points  of  application  to  practical  investiga- 
tions. The  area  from  which  evaporation  takes  place  is  identical 
neither  with  the  area  of  the  catchment  basin  nor  with  the 
reservoir  surface;  but  is  a  variable  quantity,  depending  on 


*  The  increase  of  rainfall  in  passing  from  the  valley  to  the  mountain  must 
be  carefully  distinguished  from  the  decrease  as  we  ascend  upward  into  the  atmo- 
sphere, as  shown  in  Mr.  Phillips's  observations. 

t  Dr.  Dalton  gives  the  annual  evaporation  from  a  surface  of  water  as  25-158 
inches ;  Pr.  Dobson,  36*78  inches  ;  Dr.  Thomson,  32  inches.  The  above  views  in 
regard  to  these  experiments  I  expressed  in  a  report  on  the  Bann  reservoirs  in 
1836.  Mr.  Cony  1  <ear e  gives  the  evaporation  from  a  surface  of  water  at  Greenwich 
Observatory  5  feet,  at  Bombay  8  feet,  and  at  Calcutta  15  feet  per  annum. 
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the  season,  the  climate,  and  the  locality.  It  appears  to  me 
that  the  evaporation  from  a  surface  of  water  in  low  flat  land 
charged  with  moisture,  or  a  level  vegetated  surface,  is  very 
different  from  the  evaporation  in  mountainous  districts  where 
there  are  precipitous  descents  to  the  hrooks.  In  the  former 
case  the  waters  are  retained  and  remain  for  weeks  more  or 
less  exposed  to  the  solar  rays  and  the  drying  influences  of 
wind.  In  the  latter  the  rain  pours  in  torrents  down  the 
barren  hill  sides,  and  is  launched  into  the  valley  where  the 
principal  evaporation  takes  place  upon  a  very  limited  area  of 
surface. 

So  also  in  tropical  countries;  the  evaporation  from  a  surface 
of  water  is  greater  than  the  rainfall  upon  the  same  surface ;  but 
then  the  rain  falls  in  torrents,  and  is  rapidly  earned  away  to  its 
natural  or  artificial  reservoirs,  and  then  the  evaporation  takes 
place  from  a  very  small  area  of  surface. 

Since  the  establishment  of  reservoirs  and  the  carrying  out 
of  large  drainage  operations,  opportunities  of  estimating  the 
relation  of  the  rainfall  to  the  discharge  by  rivers  have  been 
generally  available,  and  several  important  experiments  have 
been  made  in  this  way.  The  method  of  arriving  at  results  is 
to  ascertain  the  rainfall  over  a  catchment  basin  the  area  of 
which  is  known.  The  whole  of  the  water  discharged  by  brooks, 
&c,  is  then  conveyed  over  a  rectangular  weir  or  waste  board, 
and  the  mean  velocity  of  the  current  and  its  breadth  and  depth 
determined  by  observations  made  once  or  twice  every  day. 
The  comparison  of  the  amount  of  water  discharged  with  the 
total  fall  will  afford  the  data  for  ascertaining  the  amount  of 
evaporation. 

Observations  of  this  kind  were  made  by  Mr.  Bateman  with 
great  care  in  the  years  1845,  1846,  1847,  with  reference  to  the 
construction  of  reservoirs  for  the  supply  of  Manchester  with 
water,  from  the  Derbyshire  hills  beyond  Staleybridge  and 
Mottrara.  Gauges  were  placed  at  the  bottom  of  the  Swineshaw 
valley  (through  which  flows  a  tributary  of  the  Tame)  and  near 
the  summit  of  Windy  ate  edge,  and  for  some  time  a  gauge  was 
placed  midway  between  these  places.  Similar  gauges  were 
placed  in  Longendale  valley,  and  the  stream  in  each  was 
measured  two  or  three  times  a  day.  From  these  observations 
the  following  table  is  compiled  : 
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Locality. 

Year 

Mean  rain 

Mean 
dUcharge 

Waste  or 
loss  by 
evaporation 

in. 

to. 

im. 

1845 

59-8* 

40-70 

1910 

Swinesbaw  Brook  .       .  . 

1846 

42-6 

33-24 

9-36 

1847 

49-3 

3710 

12-20 

Longendale  Valley 

1847 

55-2 

49-46 

5-74 

The  first  was  a  wet  year,  the  second  one  of  the  driest  on 
record,  the  third  an  average  year. 

By  uniting  the  observations  at  the  Swineshaw  and  the 
Longendale  valleys,  we  get  the  following  general  table  of  the 
monthly  fall  and  flow  for  three  years : 


Month 

Rain 

Discharge 

Difference 

in. 

in. 

in. 

January  

2-36 

285 

-0-49 

February   

4-30 

410 

+  020 

March  

1-70 

1  30 

+  0-40 

April  

5-22 

412 

+  110 

May  

6-48 

4  75 

+  1-73 

June  ...... 

8*40 

1-65 

+  1-75 

July  

1*69 

0-99 

+  053 

August  ...... 

4-32 

1  24 

3  08 

September  

7-38 

5- 12 

+  226 

October  

4-6G 

5-67 

-1*01 

November  

5-48 

6-25 

-077 

December  

6-74 

8*66 

— 1*81 

53-56 

46-59 

+  6-97 

In  the  following  table  I  have  collected  the  most  reliable 
results  on  the  relations  of  discharge,  rainfall,  and  evapora- 
tion : 


District 

Year 

Area  of 
country 
drainH  in 

Ttaln- 
fnll  in 
Inches 

Discharge 
in  incites 

Differences 
or  loss  by 
evaporn- 
tion 

Remark- 

Bute      .       .  . 

Greenock 
Gorbals  . 

Swineshaw  Brook  . 
Rivington  Pike 
Lough  Mask, 
Ireland  J 

1826-7 

1828 
1852 
1845-7 
1847 

1851-2 

2,750 
1,250 
10,000 

70,000 

45-4 

600 
600 
50-58 
56-5 

49-34 

23  9 

41-0 
48*0 
37-01 
440 

28-59 

21  5 

19- 0 
120 
13-5 
12-5 

20  75  { 

Dry  year,  Mr. 

thorn. 
Mr.  Thorn. 

Mr.  Bat  email. 
Mr.Hawksley 
Flat  country, 
Mr.  Betagh. 

*  The  rainfall  possibly  somewhat  too  high.  Manchester  Memoirs,  vol.  ix.  p.  1 7. 
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The  foregoing  table  shows  a  loss  of  from  12  to  20  in.,  or  an 
average  waste  of  16  in.,  of  rainfall  arising  out  of  re-evaporation 
and  other  causes  of  absorption. 

4  The  storage  requisite  for  equalising  the  supply  of  water 
between  dry  and  wet  years  should  be  provided  with  a  due 
reference  to  the  continuance  of  drought,  and  the  quantity  of 
water  which  will  flow  off  the  ground :  in  extreme  wet  seasons 
no  water  should  be  allowed  to  run  to  waste.  Experience  has 
shown  that  in  the  regions  of  comparatively  moderate  rain  in 
this  country  the  storage  to  effect  this  object  should  vary  from 
20,000  or  30,000  to  50,000  or  60,000  cubic  feet  for  each  acre  of 
collecting  ground,  the  smaller  quantity  being  about  snfficient 
for  an  available  rainfall  of  perhaps  18  in.,  and  the  larger  for 
one  of  about  36  to  40  in.' #  80,000  cubic  feet  per  acre  of 
collecting  ground  are  provided  at  Lough  Island  Heavy ;  60,000 
at  the  Gorbals  reservoirs,  Glasgow ;  49,000  at  Rivington  Pike, 
and  34,000  at  Manchester;  at  the  last,  the  whole  fall  not 
being  impounded. 

I  proceed,  neglecting  further  details  on  this  subject,  which 
belongs  rather  to  the  province  of  the  civil  than  the  mechanical 
engineer,  to  give  an  example  of  the  carrying  out  of  these 
views,  of  the  utility  and  importance  of  reservoirs  in  districts 
abounding  with  waterfalls,  and  where  mills  are  numerous  and 
depending  in  whole  or  in  part  on  a  steady  and  regular  supply 
of  water. 

In  1836  I  was  called  upon  to  report  upon  the  best  means  of 
regulating  the  water  supply  upon  the  river  Bann,  which,  from 
its  excessive  variations  of  flow,  was  a  source  of  great  incon- 
venience to  the  manufacturers  on  its  banks.  The  river  Bann 
rises  among  the  lofty  bare  summits  of  the  Mourne  mountains, 
in  the  north-east  of  Ireland,  where  there  is  a  heavy  rainfall, 
and  in  consequence  devastating  floods  frequently  poured  down 
its  channel,  carrying  bridges,  embankments,  and  other  obstruc- 
tions before  them.  On  the  other  hand,  during  the  summer 
months  the  ordinary  supply  of  water  was  totally  inadequate  to 
the  demands  of  the  mills ;  whilst  the  flourishing  state  of  the 
linen  trade  called  for  an  extended  application  of  power  in  a 
district  where  steam  was  not  available  as  a  motive  power,  un- 
less at  great  cost.    Hence,  in  co-operation  with  Mr.  Bateman, 

•  Report  of  the  British  Association,  «  On  the  Supply  of  Water  to  Towns.'  By 
J.  F.  Bateman,  C.E.  1858. 
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the  ground  was  surveyed  and  two  reservoirs  erected  in  the 
upper  part  of  the  river,  by  which  these  evils  were  removed, 
and  a  continuous  and  adequate  supply  of  water  rendered 
available. 

Lough  Island  Reavy,  the  site  selected  for  the  principal 
reservoir,  was  a  natural  lake,  bounded  on  the  north  and  south 
by  land  of  considerable  elevation,  which,  although  having  a 
comparatively  small  extent  of  drainage  (3,300  acres  ultimately), 
was  supplied  by  good  feeders,  which,  united  to  the  surplus 
waters  of  the  river  Muddock,  would  fill  the  reservoir  at  least 
once  or  twice  a  year.  The  original  surface  of  the  Lough, 
fig.  84,  was  92J  acres  in  extent;  on  this  it  was  proposed  to  raise 
a  depth  of  35  feet  more  water,  by  the  aid  of  embankments,  and 
to  draw  off  at  a  depth  of  40  feet  uuder  that  height.  The  area 
thus  enlarged  would  be  253  statute  acres,  and  the  capacity  of 
the  reservoir  is  287,278,200  cubic  feet. 

Corbet  Lough  was  the  second  site,  and,  although  at  first 
abandoned  from  its  proximity  to  the  town  of  Banbridge,  was 
afterwards  adopted.  At  a  small  expenditure  for  embankments, 
Corbet  Lough  was  raised  18  feet  above  its  summer  level,  so  as 
to  cover  74J  acres,  and  to  have  a  capacity  of  46,783,440  cubic 
feet  of  water, 

A  third  site  was  selected  further  up  amongst  the  mountains, 
but  at  this  part  the  works  were  never  executed. 

It  is  understood  that  12  cubic  feet  of  water  per  second  fall- 
ing one  foot  will,  in  its  best  application  on  a  water  wheel, 
afford  a  force  equivalent  to  33,000  lbs.  raised  one  foot  high  per 
minute,  or  one-horse  power.  Now,  supposing  the  reservoirs  to 
discharge  40  cubic  feet  of  water  per  second,  the  fall  from  the 
lowest  point  of  outlet  at  Lough  Island  Reavy  to  the  tail-water 
of  the  lowest  mill  on  the  Bann  being  350  feet,  we  have  a  total 
force  of  1,166  horses  available  for  mill  purposes;  or  in  other 
words,  the  millowners  will  derive  an  average  advantage  of  3*3 
horse  power  for  every  foot  of  fall.  This,  it  must  be  observed, 
is  not  a  supposed  quantity,  but  the  result  of  certain  data  taken 
by  calculation  from  the  waters  of  the  Bann.  It  must  be  noticed 
further  that  this  supply  of  2,400  cubic  feet  per  minute  is  not 
the  whole  power.  The  calculations  are  for  one  half,  the  river 
supplying  the  remainder,  except  in  extremely  low  water,  when 
the  demands  from  the  reservoir  may  be  increased  to  meet  the 
emergency. 
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From  the  estimates  made  at  the  time,  the  expenditure  to 
secure  this  result  would  be 

£       s.  d. 

For  Lough  Island  Reavy   12,600   0  0 

„    Corbet  Lough  3,512    0  0 

At  Lough  Island  Reavy  it  was  necessary  to  construct  four 
embankments,  marked  A,  B,  C,  and  D,  in  fig.  84. 

The  principal  SW.  side       ....  137,400  cubic  yards. 

Small  do.  ....      17,400  „ 

„  NW.  end       ....       5,200  „ 

,,  E.  end  .....     9i),781  „ 

Total       .  259/781 

The  substratum  of  the  valley  being  water-tight,  the  footing 
for  the  puddle  was  easily  obtained  by  sinking  a  trench  into  the 
water-tight  stratum,  whence  the  puddle  wall  was  carried  up 
vertically  with  the  bank  to  the  required  height.  It  was  1 2  feet 
in  width  at  40  feet  below  the  top,  diminishing  to  8  feet  wide 
at  the  summit.  A  layer  of  peat  was  brought  up  on  the  inside 
of  the  puddle,  and  a  similar  layer  on  the  face  of  the  slope. 
Above  the  peat  a  layer  of  three  feet  of  gravel  was  laid,  and  on 
that  the  stone  pitching  forming  the  inner  side  of  the  bank. 
The  inner  slopes  of  the  embankments  were  2£  horizontal  to 
1  vertical,  and  3  horizontal  to  1  vertical.  The  outer  slopes  2 
horizontal  to  1  vertical,  and  2£  horizontal  to  1  vertical.  The 
discharge  pipes,  two  in  number,  each  18  in.  in  diameter,  were 
placed  at  the  bottom  of  a  stone  culvert,  at  the  lowest  part  of 
the  embankment,  with  suitable  discharge  valves,  &c.  The 
rainfall  for  the  district  amounted  to  from  72  to  74  in.  annually, 
of  which  at  least  48  in.  found  its  way  to  the  reservoirs. 

Fig.  84  is  a  plan  of  the  original  disposition  of  Lough  Reavy 
and  its  feeders.  The  original  area  of  the  lake  is  shaded,  and 
its  present  area  is  indicated  by  the  dotted  line  connecting  the 
embankments  A,  B,  C,  and  D.  The  diversions  of  roads  and 
new  feeders  rendered  necessary  are  also  indicated. 

Fig.  85  represents  a  section  of  the  embankment  of  the  Bel- 
mont reservoir,  which  will  sufficiently  explain  the  arrangement 
of  the  culvert  and  discharge  pipe  a  a,  with  the  top  and  dis- 
charge valves  v  v,  in  the  valve  house  t,  which  in  works  of  this 
kind  is  always  under  lock  and  key.  The  water  entering  the 
pipe  through  the  tunnel  b  6,  flows  out  into  the  well  c,  and 
gauge  basin  d,  where,  as  it  passes  over  the  gauge  or  dam 
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board  g,  its  quantity  may  be  ascertained.  The  construction  of 
the  regulation  discharge  valve  is  shown  in  Fig.  85. 

figs.  86  and  87.  Fig.  80  is  an  elevation  of 
the  valve  at  the  side  at  which  the  water 
flows  in,  and  tig.  87  a  cross  section,  a  is 
the  valve  case,  closed  below  and  fitted  with 
a  bonnet  b  at  top ;  the  valve  v  works  up 
and  down  in  the  valve  box,  against  a  brass 
facing  c,  and  is  confined  by  a  guard  d 
behind  ;  the  adjustment  of  the  valve  is 
affected  by  a  valve  spindle  /,  of  wrought 
iron,  cased  in  gun  metal,  so  as  to  slide 
freely  in  the  stuffing  box  g,  and  is  worked 
by  a  fly  wheel  h,  and  screw  above.  By 
means  of  this  fly  wheel  the  valve  may  be 
adjusted  to  any  required  opening. 

Of  late  years  Mr.  Bateman  has  intro- 
duced an  ingenious  valve  admirably  adapted 
for  the  discharge  of  reservoirs  of  great 
depth,  where  the  amount  of  pressure  upon 
the  valve  is  an  impediment  to  its  employ- 
ment. To  remedy  this  evil,  the  valve  is 
divided  into  three  parts:  first,  the  small 
valve  by  which  about  of  the  area  is 
opened ;  secondly,  the  intermediate  valve 
of  about  i  the  total  area ;  lastly,  the  large 
valve  unclosing  the  remainder.  It  will  be 
seen  that  the  small  valve  is  drawn  first, 
and  is  followed  by  the  second,  and  ulti- 
mately by  the  largest,  after  the  pressure 
is  removed  or  partially  neutralised. 

The  pressure  of  water  against  the  side 
of  an  embankment  is  enormous  in  most 
instances,  and  varies  upon  any  part  in  the 
ratio  of  its  depth  below  the  surface.  Let 
h  =  the  depth  of  water  in  a  reservoir ; 
a  =  the  area  in  square  feet  of  a  vertical 
section  of  the  embankment  of  the  depth  h  ; 
then  the  lateral  pressure  upon  the  embank- 
ment in  a  horizontal  direction  is,  in  lba., 

p  =  J     x  62^  x  a  =  31-25  a  .  h, 
a  cubic  foot  of  water  weighing  62£  lbs. 
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Or,  generally,  the  whole  pressure  of  water  upon  a  sub- 
merged plane  surface  is  equivalent  to  the  area  of  the  surface, 

Fig.  86.  Fig.  87. 


multiplied  by  the  weight  per  cubic  unit  of  the  fluid,  and  by  the 
head  of  water  measured  from  the  centre  of  gravity  of  the  sub- 
merged surface.    That  is,  for  water 

p  =  62£  .  a,  .  hv 

Where  hx  =  the  depth  of  the  centre  of  gravity  below  the 
level  of  the  water  in  feet ;  A,  the  area  of  the  surface  in  feet ; 
p  =  the  pressure  on  the  surface  in  lbs. 

And  the  whole  pressure  in  any  one  direction  is  equal  to  the 
rig  gg  area  of  a  section  of  the  fluid  ver- 

j — *^  tical  to  that  direction,  multiplied 

f^~^gy^%~  W^^^mm  the  weight  of  a  cubic  unit  of 
I^T^P^^ tne  ^mc*  an(*  ^  the  distance  of 
;  ..-^SlB^L^  *ne  centre  of  gravity  of  the  section 

 5Su        ¥/     from  the  level  of  the  water. 

Putting  /=the  length  a  b  8  = 
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the  slope  a  d ;  h  =  the  height  a  /;  k  =  the  breadth  /  d,  all 
in  feet ;  p  the  centre  of  gravity  of  a  b  c  d.  Then  the  distance 
of  the  centre  of  gravity  of  a  b  c  d  from  the  level  of  the  water, 
o  p,  is  equal  to  £  h ;  and  the  distance  of  the  centre  of  gravity 
of  the  plane  ab  ef  from  the  level  of*  the  water  is  also  i  h. 
Therefore,  the  whole  pressure  upon 

ab  c  d  =  ±  I  s  h  x  62-5  =  31-25  /  *  h. 

The  horizontal  pressure  against  the  embankment 
=  \  I  .      x  62-5  =  31-25  /  .  h\ 

The  vertical  pressure  =  I  x  k  x  h  x  62*5. 

To  the  statistics  given  above  of  the  rainfall  and  evaporation 
in  this  country  it  will  be  necessary  to  add  some  account  of 
their  amount  in  tropical  climates,  where  the  conditions  are 
essentially  diflferent.  In  such  climates  for  three-quarters  of 
the  year  the  rain  never  falls,  and  the  whole  quantity  for  the 
annual  consumption  falls  during  the  remaining  quarter. 

At  the  Bombay  Water  Works  constructed  by  Mr.  Cony- 
beare,  the  annual  rainfall  is  124  inches,  of  which  -fe  are 
assumed  to  be  available  for  storage.  The  area  draining  into 
the  basin  is  3,948  acres,  so  that  the  supply  is  upwards  of 
6,600,000,000  gallons.  The  storage  capacity  of  the  reservoir 
is  10,800,000,000  gallons,  or  1,733,000,000  cubic  feet* 

At  the  Melbourne  Water  Works  constructed  under  the 
direction  of  Mr.  Matthew  Bullock  Jackson,  the  area  of  the 
reservoir  when  full  is  1,303  acres,  greatest  depth  25  feet 
6  inches,  average  depth  18  feet,  and  capacity  6,400,000,000 
gallons.  The  area  of  the  natural  Catcbwater  basin  is  4,650 
acres,  together  with  600  acres  drained  by  a  watercourse.  This 
area,  however,  may  be  increased  if  a  larger  supply  is  necessary. 
This  watercourse  at  the  same  time  opens  a  connection  with 
the  river  Plenty,  through  which  flows  the  water  drained  from 
an  extent  of  40,000  acres  of  country.  This  watercourse  is 
opened  during  the  winter  to  611  the  reservoir  from  this  source. 
The  following  table  gives  the  detail  of  the  rainfall  and  evapo- 
ration observed  by  Mr.  Jackson  during  the  construction  of  the 
works : 

*  Minutes  of  Proceedings  of  Institute  of  Civil  Engineers,  vol.  xvii.  p.  660. 
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Table,  showing  the  Amount  of  Spontaneous  Evaporation  and  Rainfall 
for  Twelve  Months  ending  31st  January  1858. 


H  ai  n » 

all  at 

T)«  11..  «m  . 

1.433  feet 
above  the 
level  of  the 
aea 

Spontaneous 

Momnfl 

Melbourne, 
Ml  feet 
above  the 
level  of  the 
aca 

Yan  Yean 

Geelong, 
%  feet  above 

flu  -  lnr»l  nf 

the  tea 

evaporation 

or 

Melbourne 

inchr* 

fncJkfii 

inehft 

inrhtt 

inthss 

February 

3-98 

1-33 

2-39 

023 

8-14 

March 

3-80 

3-61 

1-99 

3*75 

5'10 

April 

0-9!) 

0-78 

107 

1*56 

4-25 

Mav 

2-00 

1  -85 

1-97 

June 

1-99 

1-89 

1-58 

o-oo 

1-50 

July 

116 

2-39 

115 

000 

1-86 

August  . 

1-69 

2-42 

I'M 

2-42 

2-57 

September 

383 

3-70 

319 

2-68 

3-7« 

October  . 

5-28 

4-70 

2-63 

4  -63 

4-23 

November 

212 

1-80 

315 

2-27 

5-84 

December 

0-83 

1-76 

0-33 

073 

11  01 

January  . 

0-88 

107 

0-00 

000 

11-23 

Totals 

28-55 

27-50 

20-34 

20- 11 

61*441 

It  is  to  be  presumed  that  the  evaporation  given  above, 
nearly  three  times  the  rainfall,  is  the  evaporation  from  a  sur- 
face of  water  such  as  that  of  the  reservoir  itself.  The  rain, 
however,  is  collected  from  a  surface  thirty-five  times  as  great 
as  that  of  the  reservoir  when  at  its  maximum  height. 


Weir*  or  Daww,  thrown  across  the  beds  of  rivers,  have 
always  been  employed  in  order  to  raise  the  head  of  water  in 
the  river  bed,  and  to  divert  a  portion  of  it  for  the  purposes  of 
the  mill.  We  have  now  to  consider  how  most  economically 
to  secure  a  sufficient  fall,  and  to  protect  the  dam  from  the 
destructive  effects  of  floods. 

There  is  hardly  any  department  of  engineering  which  re- 
quires more  careful  consideration  than  that  of  forming  barriers 
to  large  quantities  of  moving  water ;  and  when  the  nature  of 
rivers  carrying  off  the  drainage  from  a  large  area  is  considered, 
and  the  enormous  power  of  suddenly  accumulating  floods,  the 
nature  of  the  resistance  required  from  a  dam  may  be  easily 
conceived,  and  when  all  the  care  of  the  engineer  has  been 
exercised  it  nevertheless  sometimes  occurs  that  the  torrents 
tear  up  and  destroy  in  a  night  the  work  which  was  intended  to 
perform  the  quiet  industrial  duties  of  a  mill  for  ages,  leaving, 
in  place  of  the  well-turned  arch  across  the  stream,  only  the 
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horns  of  the  abutments  and  an  indistinguishable  mass  of  rub- 
bish mingled  with  the  mountain  debris  of  the  flood. 

Such  is  frequently  the  case  with  weir  constructions,  par- 
ticularly those  across  the  rapids  of  mountain  torrents,  and  this 
not  unfrequently  causes  the  construction  of  a  temporary  dyke 
of  boulder  stones  capable  of  withstanding  the  ordinary  action 
of  the  river,  and  easily 
replaced  when  floods  have 
caused  its  partial  de- 
struction. This  descrip- 
tion of  weir  is  carried 
diagonally  across  the 
stream  at  a  (fig.  89),  and, 
being  considerably  longer  than  its  breadth,  forces  part  of  the 
water  into  the  conduit  b,  and  passes  the  remainder  over  the  top 
in  a  thin  sheet,  which  does  little  or  no  damage  to  the  banks 
below.  In  the  above  description  of  weir  it  seldom  happens  that 
much  fall  can  be  obtained,  and  they  are  therefore  adopted 
where  there  is  a  large  supply  of  water  employed  upon  an 
undershot  wheel. 

Another  description  of  weir,  which  is  generally  employed 
on  moderate-sized  rivers,  is  the  V  form  constructed  across  the 
bed  of  the  river,  as  shown  in  fig.  90,  in  plan.  The  object  of 
adopting  this  form  of  weir  is  to  increase  its  resisting  powers, 
and,  by  spreading  the  fall  of  water  over  a  large  surface,  to 
diminish  its  destructive  effects  upon  the  apron  below ;  the 


Fig.  90. 


descending  currents  meeting  in  the  angle  of  the  V  neutralise 
their  effects  on  the  foundations,  and  do  less  injury  to  the  banks 
on  either  side.  This  weir  is  generally  formed  of  piles  (fig.  91), 
with  an  open  frame  of  timber,  into  which  are  inserted  large 
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boulder  stones,  forming  a  compact  mass  of  boulder  sheeting 
resting  on  gravel,  and  nearly  impervious  to  water.  Another 
weir,  preferred  to  most  others  where  timber  is  plentiful,  is 
formed  into  a  series  of  steps  (fig.  92),  over  which  the  water 
falls  in  cascades,  which  destroys  its  injurious  effect  on  the 


Pig.  01. 


foundations ;  it  is  composed  of  piles  placed  at  right  angles 
with  the  direction  of  the  stream,  and  placed  in  rows  properly 
stayed  and  covered  with  planking  firmly  nailed  to  the  hori- 
zontal and  vertical  timbers.  When  it  is  necessary  to  have  the 
structure  water-tight,  a  line  of  sheet  piling  is  usually  driven  in, 


Fip.  f»2. 


in  the  line  of  the  weir  across  the  whole  breadth  of  the  stream, 
and  these  again,  supported  by  foot  piles  and  stays  at  different 
distances,  form  a  perfectly  tight  and  very  durable  weir. 

The  most  perfect  weirs,  however,  are  formed  of  stone,  built 
of  solid  ashlar,  and  usually  forming  part  of  the  segment  of  a 
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circle  across  the  breadth  of  the  river  (fig.  93).  These  are  made 
1st,  with  long  inclined  slopes  on  either  side ;  2nd,  solid,  with 

Fig.  93. 


nearly  perpendicular  walls;  or  3rd,  with  a  curved  apron  to 
break  the  force  of  the  fall. 

Of  the  first  kind  we  have  a  good  example  in  the  weir  con- 
structed by  Snieaton  at  Carron  (fig.  94),  where  a,  6,  represent 
two  courses  of  flag  stones,  breaking  joint,  and  packed  with  live 
moss,  to  prevent  the  silt  being  driven  through ;  these  are  footed 


Pig.  94. 


upon  grooved  sheet  piling  with  bearing  piles  and  stringer  d, 
the  flags  being  supported  on  rubble ;  at  the  foot  of  the  dam  is 
another  row  of  sheet  piling  /,  similarly  supported  and  protected 
by  a  fir  plank  at  top  from  the  action  of  the  water.  Over  the 
rubble  is  placed  a  row  of  regular  stones,  laid  endways  so  as  to 
be  perfectly  secure  from  derangements  by  floods. 

The  second  description  of  stone  weir  is  a  solid  ashlar  wall, 
having  its  convex  side  to  the  current  (fig.  93)  and  abutting 
upon  heavy  masses  of  masonry  on  each  side  of  the  stream. 
Fig.  95  exhibits  this  weir  modified  by  having  a  curved  apron, 
80  as  gradually  to  convert  the  vertical  fall  of  the  water  into  a 
horizontal  flow  in  the  direction  of  the  stream. 

It  will  suffice  to  observe  further,  that  the  head  of  water 
immediately  over  the  crest  is  less  than  the  head  of  water  at 
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some  distance  behind.  It  is  usual  to  cut  a  chanuel,  with  a 
sluice  gate  in  one  of  the  wing  walls  of  the  weir,  to  draw  off 
superfluous  water,  when  requisite.  The  utmost  caution  is 
needed,  both  in  observing  the  conditions  of  the  river  and  the 
effects  likely  to  result  in  times  of  flood  from  the  increased 
head  of  water  above  the  weir.  Rapid  rising  of  the  waters  and 
sudden  changes  in  the  state  of  the  river  are  too  often  neglected, 
with  disastrous  consequences  to  works  of  this  kind,  just  on  the 
eve  of  completion,  or  to  the  lands  above  the  dam  in  consequence 
of  flooding  caused  by  the  obstruction  of  the  dam.  In  cases 
where  this  last  danger  is  apprehended,  a  self-acting  dam  has 
sometimes  been  employed,  consisting  of  a  massive  frame  of 
planks  carried  across  the  river  and  attached  by  hinges  to  the 


Fig.  95. 


crest  of  the  dam.  This  plank  is  maintained  in  a  vertical 
position  in  ordinary  conditions  of  flow  by  balance  weights 
attached  or  hung  over  wheels  upon  the  wing  walls,  so  as  to 
retain  the  maximum  desirable  head  of  water.  In  floods  the 
increased  pressure  of  the  overflowing  water  overcomes  the 
balance  weights  and  throws  down  the  plank  into  a  horizontal 
position,  opening  a  free  passage  for  the  water. 

Conduits. — Having  thus  considered  the  means  of  accumu- 
lating water  power  and  regulating  its  supply  by  means  of 
reservoirs  and  weirs,  we  have  yet  to  consider  the  formation 
of  conduits  or  lades,  as  they  are  called  in  some  places,  for  the 
actual  discharge  of  the  water  upon  the  water  wheel  or  other 
machine  by  which  its  power  is  to  be  utilised.  By  the  construc- 
tion of  a  weir  we  may  have  dammed  back  the  water  half  a  mile 
or  a  mile,  and  formed  the  upper  part  of  the  stream  into  a 
reserve  from  which  the  supply  of  water  can  be  drawn  and  two 
or  three  feet  or  more  of  fail  gained ;  but  unless  the  mill  is  built 
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close  up  to  the  banks  of  the  stream,  head  courses,  canal  and 
tail-races  have  to  be  cut  in  order  to  make  the  fall  available, 
and  these  conduits  are  not  unfrequently  as  difficult  of  con- 
struction and  as  expensive  as  the  weir.  In  several  large  works 
with  which  I  have  been  connected,  the  cost  of  conduits  has 
extended  to  many  thousands  of  pounds,  as  at  the  Catrine  Works 
in  Ayrshire,  or  the  Deanston  in  Perthshire.  In  the  former  case 
a  large  tunnel,  with  retaining  walls  and  embankments  several 
hundred  yards  in  extent,  had  to  be  constructed,  and  at  the 
latter  a  wide  and  spacious  canal,  nearly  a  mile  long,  before 
the  water  reached  the  mills  where  it  was  turned  to  account  in 
driving  the  different  machines  for  spinning,  weaving,  &c. 

The  large  expenditure  in  these  and  similar  works  operates 
much  against  the  economy  of  water  power,  and  when  the  ex- 
tremes of  floods  and  droughts,  including  the  interest  of  capital 
sunk,  is  considered,  it  will  be  seen  that  it  frequently  happens 
that  steam  power  might  have  been  purchased  and  maintained 
at  as  economical  a  rate.  Let  us  take,  for  example,  the  Catrine 
Mills,  at  which  there  is  a  fall  at  forty-eight  feet,  and  a  power 
of  200  horses,  nearly  constant  throughout  the  year.  In  this 
establishment  there  are  two  colossal  water  wheels,  each  fifty 
feet  in  diameter  and  twelve  feet  wide.  Now  taking  the  weir, 
the  tunnel,  the  upper  conduit,  tail-race,  &c.,  arched  to  a  dis- 
tance of  a  third  of  a  mile  down  the  river,  we  may  estimate  the 
ultimate  cost,  approximately,  as  follows : 


Water  privileges  and  land   £4,000 

Cost  of  weir   1,000 

Head  race,  tunnel,  and  canal   3,000 

Archways,  cisterns,  sluices,  ic   1,000 

Wheel  house  and  foundations   1,500 

Tail  race   1,500 

Water  wheels  and  erection   4,500 

Contingencies   1,500 

Total       .       .  £18,000 


The  cost  of  power  independent  of  mill-work  equivalent  to 
an  annual  rental  for  interest  of  capital,  repairs,  and  wear  and 
tear,  at  7  per  cent.,  amounting  to  1,260/. 

This  may  be  contrasted  with  steam  power  in  a  district 
where  coal  can  be  purchased  at  7s.  per  ton,  and  we  have 


Cost  of  engines  of  100  nominal  horse  power       .       .  £4,000 

Engine  house,  foundations   1,500 

Contingencies   500 

Total             .  £6,000 
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This  at  10  per  cent,  for  interest  of  capital,  repairs,  and 
renewals,  will  be  equivalent  to 

An  annual  rental  of  £600 
Add  consumption  of  coal  at  4  lbs.  per  indicated  horse 

power  per  hour,  engineers' wages,  &c.     .       .       .  ttOO 

Total      .       .  £1,500 

Against  the  higher  rental  in  the  case  of  steam,  must  be  set 
the  cost  of  transit  of  the  raw  material  and  products  of  the  mill, 
which  must  be  transported  to  and  from  the  market  at  a  greatly 
increased  cost,  as  in  the  case  of  the  Catrine  Works,  with  the 
risk  of  stoppage  also  from  want  of  water  in  long-continued 
drought  or  frost.  It  is  true  that  labour  may  be  had  cheaper 
in  the  country  than  in  the  towns  ;  but  that  is  no  counterpoise 
for  want  of  skill  amongst  the  operatives,  or  for  the  loss  of  those 
numerous  conveniences  which  are  to  be  obtained  in  the  great 
foci  of  labour  where  the  whole  powers  and  energy  of  the  country 
have  been  concentrated. 

On  the  whole,  there  appears  (in  the  present  improved  state 
of  the  steam  engine  and  the  price  of  coal)  to  be  no  advantage 
in  this  country  in  water  power  as  applied  to  manufactures,  and 
it  is  only  at  out  districts,  and  where  the  mere  wants  of  the  in- 
habitants have  to  be  supplied,  that  water  mills  can  be  used 
with  profit.  Before  the  introduction  of  the  steam  engine,  water 
power  was  invaluable ;  but  we  now  see  that  it  cannot  at  all  times 
be  depended  upon,  and  that  in  most  cases  where  a  large  amount 
of  power  is  required,  the  chief  source  from  which  it  must  be 
derived  is  steam. 
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CHAPTER  II. 

ON  THE  FLOW  AND  DISCHARGE  OF  WATER,  AND  THE  ESTIMATION 

OF  WATER  POWER. 

In  the  present  chapter  it  is  proposed  to  enter  only  so  far  into 
those  questions  of  Hydrodynamics  which  relate  to  the  measure- 
ment of  the  discharge  of  water,  and  the  estimation  of  water 
power,  as  it  is  necessary  they  should  be  understood  by  the 
practical  millwright,  in  order  that  he  may  be  at  no  loss  in 
comparing  the  efficiency  of  various  forms  of  water  machinery, 
calculating  their  power,  and  proportioning  them  to  their 
position  and  their  work.  For  minute  and  accurate  mathe- 
matical investigations,  the  reader  is  referred  to  special  treatises 
on  Hydrodynamics,  in  which  the  subject  is  treated  from  another 
point  of  view. 

From  the  nature  of  a  non-elastic  fluid  such  as  water,  in 
which  the  particles  are  free  to  move  over  one  another  without 
friction,  the  following  relations  hold  between  pressure*  velocity, 
and  discharge. 

1st.  The  pressure  p  upon  a  unit  of  area  at  the  depth  h 
beneath  a  fluid  surface  is  equal  to  the  weight  of  a  column  of 
the  liquid  h  units  high  ;  that  is,  if  w  be  the  weight  of  a  unit  of 
volume, 

p  x=  w  h  (1). 

And  therefore  the  pressure  on  a  horizontal  surface  of  a  units 
area  =  wk. 

2nd.  The  velocity  with  which  a  fluid  flows  from  a  small 
orifice  at  the  depth  h  beneath  the  surface,  is  the  same  as 
the  velocity  it  would  have  acquired  in  falling  freely  the  same 
distance  under  the  action  of  gravity,  if  we  neglect  those  causes 
of  retardation  to  be  considered  presently.  If  we  take  v  =  mean 
velocity  of  the  effluent  water;  h  —  mean  depth  of  orifice  beneath 
the  surface,  or,  in  other  words,  the  head  of  fluid;  g  =  32*1908 
■  the  velocity  generated  in  a  falling  body  in  one  second ;  then, 
by  the  laws  of  accelerating  motion, 
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v  =  V  2  g  h*  ...  (2) 

that  is,  the  theoretical  velocity  of  effluent  water  is  equal  to  the 
square  root  of  G4*38  times  the  mean  head ;  understanding  by 
mean  head  the  head  measured  from  the  centre  of  the  orifice. 

Thus  we  have  in  the  following  table  the  theoretical  velocity 
at  various  heads. 


Table  I. — Theoretical  Velocity  op  Epfluevt  Water. 


Head 

Velocity 

per 
second 

Head 

Velocity 

per 
second 

Head 

Velocity 

per 
second 

|  Head 

Velocity 

J** 

second 

Head 

Velocity 

per 
second 

A 

A 

1  A 

A 

A 

A 

i  a 

ft. 

A 

A 

1 

8  02 

11 

26-6 

21 

36-8 

31 

44-6 

41 

51-3 

2 

1134 

12 

27-8 

22 

376 

32 

45-4 

42 

520 

3 

1390 

13 

28-9 

23 

38-5 

33 

46-1 

43 

52-6 

4 

1604 

" 

300 

24 

39-3 

34 

46-8 

44 

63  2 

5 

17  93 

15 

31  1 

25 

40  1 

35 

474 

45 

53-8 

6 

19-64 

16 

32-1 

26 

40-9 

36 

481 

46 

54-4 

7 

21-21 

17 

331 

27 

41-7 

37 

48-8 

47 

550 

8 

22-68 

18 

34  0 

28 

42-4 

38 

49-4 

48 

55-6 

9 

21  09 

19 

34  9 

29 

43-2 

39 

60- 1 

49 

56  1 

10 

25-38 

20 

| 

30 

43-9 

40 

50-7 

60 

56-7 

3rd.  The  quantity  of  water  which  issues  from  an  orifice  at 
a  depth  h  beneath  the  surface  of  a  fluid  is  equal  to  the  area  of 
the  orifice  multiplied  by  the  velocity  of  the  effluent  water ;  that 
is,  by  neglecting  the  diminution  from  the  vend  contractd  to  be 
mentioned  shortly. 

Let  Q  =  units  of  volume  discharged  per  second. 

a  =  area  of  orifice. 

v  =  velocity  of  effluent  water. 

q  =  a  v  =  a  \/  2  g  h  ...  (3). 

And  in  t  seconds  q  t  =  a  v  t  will  be  discharged. 

Where  q  is  called  the  theoretical  discharge,  and  is  found  by 
multiplying  the  area  of  the  orifice  in  feet  by  the  velocity  of  the 
effluent  water  in  feet  per  second,  found  as  above. 

4th.  If  the  orifice  instead  of  opening  freely  into  the  air,  as 
supposed  above,  opens  into  another  reservoir  of  fluid,  we  must 
substitute  in  the  above  equations  the  difference  of  level  of  fluid 
in  the  two  reservoirs  for  the  head  above  the  centre  of  the 
orifice.  Let  h'  be  the  head  above  the  centre  of  the  orifice  in 
the  higher  reservoir,  and  h"  in  the  lower ;  then  the  effective 
head  h  =  h'  -  h"  ...  (4). 

5th.  If  the  water  escape  by  a  rectangular  notch  instead  of 

Or  in  feet  i  -8  03^A. 
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an  orifice,  that  is,  an  aperture  such  that  the  upper  level  surface 
of  the  water  does  not  come  in  contact  with  the  sides  of  the 
vessel,  falling  freely  in  the  air,  the  theoretical  discharge  is 
two-thirds  of  the  area  of  the  effluent  vein  multiplied  by  the 
velocity  of  efflux ;  or,  more  accurately,  if  h  =  head  of  water, 
b  =  breadth  of  notch. 

q  s  }  b  .  h  .  1/  2  g  k  ...  (5). 

We  must  next  examine  certain  properties  of  fluid  motion 
which  cause  the  actual  or  effective  discharge  to  differ  materially 
from  the  theoretical,  discharge  given  in  the  above  equations, 
although  in  a  constant  ratio,  so  that  the  one  may  always  be 
calculated  from  the  other. 

1st.  Thick-lipped  orifices  or  mouth  pieces.  For  smooth 
orifices,  the  length  of  which  is  about  twice  or  three  times  the 
smallest  diameter,  the  actual  does  not  widely  differ  from  the 
tliearetical  discharge.  The  velocity  of  the  effluent  current  is, 
however,  never  so  great  as  that  in  equation  (2),  but  is  dimin- 
ished for  a  constant  ratio  for  each  kind  of  orifice,  and  the  dis- 
charge is  less  in  the  same  proportion.   For  a  simple  cylindrical 


Fig.  96.  Fig.  07.  Fig.  93.  Fig.  90. 


tube  (fig.  0G),  of  about  1£  diameters  in  length,  the  velocity  of 
the  effluent  water  is  equal  to  0*8  v  =  0*8  %/  2  g  h  and  the  actual 
discharge  =  a  x  0*8  x  v  =  0-8  q.  Where  the  interior  angle 
of  the  tube  is  rounded,  as  in  fig.  98,  the  velocity  amounts  to  as 
much  as  0*96  v  to  0*98  v,  and  hence  the  discharge  to  0*90  Q  to 
0*98  Q,  where  q  as  before  is  the  theoretical  discharge  given  by 
the  above  formula?.  This  constant  ratio  is  called  the  coefficient 
of  velocity. 

Hence  we  have  this  rule  for  determining  the  quantity  of 
w  ater  discharged  by  a  thick-lipped  orifice  ;  seek  first  in  Table  I. 
the  velocity  corresponding  to  the  given  head  of  water,  mea- 
sured from  the  centre  of  the  orifice  ;  multiply  this  velocity  by 
the  area  of  the  orifice  in  square  feet,  and  the  product  will  be 
the  theoretical  discharge  in  cubic  feet  per  second.  For  the 
actual  discharge,  this  must  be  multiplied  by  0*7,  if  the  orifice 
be  of  the  form  of  fig.  97  ;  by  0*8,  if  the  orifice  be  of  the  form 
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of  fig.  96 ;  and  by  0-97  if  it  be  of  the  form  of  fig.  98.  The 
importance  of  the  form  of  orifice  is  manifest ;  and  hence  a 
trumpet  mouth*  should  be  employed  in  all  water  pipes,  wherein 
a  maximum  discharge  is  desirable,  the  quantity  being  increased 
whichever  way  the  trumpet  mouth  is  turned,  whether  as  in 
fig.  98  or  99,  but  most  in  the  former  case.  For  conical  converging 
tubes,  d'Aubuisson  found  the  coefficient  of  efflux  to  vary  from 
0*829  to  0-946  as  the  lateral  convergence  increased  from  0°  0' 
to  13°  24',  and  from  0-946  to  0*847  as  the  convergence  increased 
from  13°  24'  to  48°  50' ;  the  area  of  the  orifice  being  measured 
at  the  small  extremity.  For  tubes  which  at  first  converge  and 
then  diverge,  so  as  to  take  the  form  of  the  fluid  vein,  the  co- 
efficient of  discharge  is  1  -55 ;  that  is,  of  course,  taking  the 
minimum  area  of  the  tube. 

2nd.  Thin-lipped  orifice*,  the  fluid  escaping  freely  into  the 
air.  With  orifices  of  this  nature,  the  fluid  vein  contracts  very 
remarkably  at  a  short  distance  beyond  the  orifice,  and  the  dis- 
charge is  diminished  in  the  ratio  of  the  least  area  of  the  vein 
to  that  of  the  orifice.  This  contraction  amounts  to  five-eighths 
of  the  area  of  the  orifice  in  most  cases,  and  hence  the  actual 
discharge  is  scarcely  more  than  five-eighths  that  estimated  by 
equation  (3).  Putting  m  =  the  coefficient  of  contraction,  we 
have  the  actual  discharge  from  an  orifice  =  m  q=to  a  y/  2  g  k. 

The  velocity  of  the  effluent  vein  is  also  diminished  in  a 
slight  degree,  perhaps  by  three  or  five  per  cent. ;  but  it  will 
be  most  convenient  to  combine  the  coefficients  of  contraction 
and  velocity  together,  aud  to  call  m  the  coefficient  of  discharge 
or  ratio  of  actual  to  theoretical  discharge. 

A  very  large  number  of  experiments  have  been  made  upon 
the  values  of  the  coefficient  m  for  various  forms  of  orifices,  the 
most  important  of  which  we  owe  to  Michelotti,  Castel,  Bidone, 
Bossut,  Rennie,  and  others.  But  by  far  the  most  important 
and  complete  are  those  conducted  by  MM.  Poncelet  and  Lesbros 
under  the  auspices  of  the  French  government,  and  all  interested 
in  hydraulic  investigations  must  feel  indebted  to  them  for  the 
skill,  perseverance,  and  accuracy  with  which  they  have  regis- 
tered so  large  a  body  of  results.  These  determinations  go  to 
show  that  the  value  of  the  coefficient  of  discharge  ranges 

*  As  for  instance  in  the  reservoir  drawing  fig.  87. 
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between  0*58  and  0*7,*  being  greater  for  small  orifices  and 
small  velocities,  and  less  for  large  orifices  and  high  velocities.! 
For  heads  of  three  and  four  feet  and  upwards,  the  coefficient 
of  discharge  may  be  taken  at  0*6. 

Mr.  Rennie's  results  give  the  following  values  of  m : 

Head  of  4  feet.  Head  of  1  foot. 
Circular  orifices      ....       0-621  0  645 

Triangular  orifices  ....      0-593  0  596 

Rectangular  orifices       .  .       0  693  0-616 

For  more  accurate  calculations  I  have  abridged  the  follow- 
ing tables  of  M.  Poncelet's  results  from  the  *  Aide-M^moire '  of 
M.  Morin,  reducing  the  measures  to  the  English  standard : 

Table  II.  —  Coefficients  of  Discharge  of  Vertical  Rectangular 
Orifices,  Thin-lipped',  with  complete  Contraction.  The  Heads  of 
Water  measured  at  a  Point  of  the  Reservoir  where  the  Liquid 

WAS  PERFECTLY  STAGNANT. 


Head  or 
summit  of 
orifice  in 
ins. 

Coefficient! 

i  of  discharge  for  orifices  of  a  height  of 

7-9  ins. 

3  9  ins. 

1-0  ins. 

1-18  ins. 

0-78  ins. 

0-39  ins. 

0-79 

0-572 

0-596 

0-615 

0634 

0659 

0-694 

1-9 

0585 

0605 

0625 

0640 

0-658 

0679 

3-9 

0592 

0-611 

0-630 

0-637 

0-654 

0-666 

7-9 

0598 

0  615 

0630 

0633 

0-648 

0-655 

11-8 

0-600 

0  616 

0629 

0632 

0-644 

0-650 

15-7 

0-602 

0-617 

0-628 

0631 

0542 

0-647 

39-4 

0  605 

0-615 

0-626 

0628 

0-633 

0-632 

59- 1 

0-602 

0-611 

0-620 

0-620 

0-619 

0615 

78-7 

0-601 

0-607 

0-613 

0-612 

0-612 

0-611 

1181 

0-601 

0-603 

0  606 

0-608 

0-610 

0-609 

Table  III.  -Coefficients  of  Discharge  of  Vertical,  Thin-lipped,  Rect- 
angular Orifices,  with  complete  Contraction.  The  Heads  of 
Water  measured  immediately  over  the  Orifice. 


Coefficients  of  discharge  for  orifices  of  a  height  of 


summit  of 
orifice  in  ins. 

7-9  ins. 

8-9  Ins. 

1-9  ins. 

118  ink. 

0-78  Ins. 

0-39  ins. 

0-78 

0-594 

0*614 

0-638 

0-668 

0-697 

0-729 

1-97 

0-593 

0-614 

0-636 

0-651 

0-672 

0-686 

3-94 

0-595 

0-614 

0-634 

0-640 

0-657 

0-669 

7-87 

0-599 

0-615 

0-630 

0-633 

0-649 

0-656 

11-81 

0-601 

0-616 

0-629 

0-632 

0-644 

0-651 

15-74 

0-600 

0-616 

0-630 

0-632 

0-646 

0-653 

39-37 

0-605 

0-615 

0-626 

0-628 

0-633 

0-632 

5905 

0-602 

0-611 

0-620 

0-620 

0-619 

0-615 

78-74 

0-601 

0-607 

0-614 

0-612 

0-612 

0-611 

11811 

0-601 

0-603 

0606 

0-608 

0-610 

0-609 

*  Rank  inc.  t  Weisbach. 
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Thence  we  derive  this  rule  for  estimating  the  discharge  of 
water  from  thin-lipped  orifices ;  seek  in  Table  I.  the  velocity 
corresponding  to  the  head  of  water  measured  from  the  centre  of 
the  effluent  vein  ;  multiply  this  by  the  area  of  the  orifice  in 
square  feet,  and  the  product  is  the  theoretical  discharge.  Five- 
eighths  of  the  theoretical  discharge  will  give  the  actual  dis- 
charge in  cubic  feet  a  second,  if  a  rough  approximation  only  is 
required.  If  the  estimation  is  to  be  accurate,  seek  in  Tables  II. 
and  III.  the  coefficient  of  discharge  most  nearly  corresponding 
to  the  given  head  and  area  of  orifice,  and  multiply  the  theore- 
tical discharge  by  the  coefficient  so  found.  Thus  the  following 
table  has  been  calculated : 


Tablb  IV. — Theoretical  and  actual  Discharge  from  a  Thin-lipped 
Orifice  of  a  Sectional  Area  of  One  Square  Foot. 


m 
Taole 
II. 

a  x  v 

mar 

1 

m 
Table 
11. 

axr 

h 

r 

Theoretical 

Actual  dis- 

h 

r 

Theoretical 

Actual  dis- 1 

Head 

Table  1. 

discharge 

charge  per 
second 

Head 

1 

Table  I. 

discharge 
per  second 

charge  per 

ft. 

ft- 

ft. 

ft. 

cub.  ft. 

/'• 

ft- 

cub.  fl. 

cvt'.fl. 

1 

802 

0-60 

8-02 

4-812 

11 

26-6 

0-60 

26-6 

15-96 

2 

11*84 

0-60 

11-31 

6-804 

12 

27-8 

0-60 

27-8 

16-68 

3 

13-90 

0-60 

13-90 

8-340 

13 

28-9 

0-60 

28-9 

17-34 

4 

1604 

0-60 

16  04 

9-624 

14 

300 

0-60 

300 

18-00 

5 

1793 

0-60 

1793 

10-75 

15 

311 

060 

311 

1866 

6 

19-64 

0-60 

19-64 

11-78 

16 

321 

060 

32- 1 

19-26 

7 

21-21 

0-60 

21-21 

12-73 

17 

331 

0-60 

331 

19-86 

8 

22-68 

0-60 

22-68 

13-61 

18 

34  0 

060 

34  0 

20-40 

9 

2410 

0-60 

2410 

14-46 

19 

34-9 

0-60 

34-9 

20-94 

10 

25-40 

0-60 

25-40 

15-24 

20 

350 

0-60 

35-9 

21-54 

The  above  table  is  given  as  a  sample  of  the  method  of  cal- 
culation according  to  the  above  rule.  For  other  areas  and 
different  heads  the  calculation  may  very  easily  be  performed. 


Fig.  99A. 


3rd.  Discharge  with  incomplete  contraction. — It  is  very  fre- 
quently the  case  in  practice  that  one  of  the 
sides  of  a  thin -lipped  orifice  is  prolonged, 
so  that  the  vein  of  fluid  no  longer  contracts 
upon  all  sides,  as  in  fig.  90a.  In  this 
case  the  coefficients  in  Tables  II.  and  III. 
give  too  low  a  result.  M.  Morin  gives  the 
following  rule  for  discharge  with  incom- 
plete contraction  : 
Multiply  the  coefficient  of  discharge  for  complete  contraction 
found  as  above  by 
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1  035  when  the  vein  contracts  on  3  sides  only 

1  072  „  „  2 

1125  „  „  1  side  only 


in  order  to  obtain  the  true  coefficient  by  which  the  theoretical 
discharge  must  be  multiplied  to  give  the  actual  discharge. 
Hence,  for  an  approximate  calculation,  we  may  multiply  the 
theoretical  discharge  =(a  x  v)  by  0*63,  when  the  orifice  is  pro- 
longed upon  one  side  ;  by  0*66  when  it  is  prolonged  on  two 
sides  ;  and  by  0*69  when  it  is  prolonged  on  three  sides.  When 
all  four  sides  are  prolonged,  the  thick-lipped  orifice  (fig.  94)  is 
formed  of  which  the  coefficient  of  efflux  is  0*8. 

4th.  Discharge  from  rectangular  notches,  waste  boards,  and 
weirs.— In  this  case  the  theoretical  discharge = 

Q  =  %b.h.  S2~g~~h\ 

=  J (5) 

where  Q  =  discharge  in  cubic  feet  per  second. 
b  =  breadth  of  notch  or  weir. 

h  =  head  of  water,  measured  at  some  distance  behind 
the  crest  of  the  weir. 


v  =  velocity  in  feet  per  second  =  v'2  g  h  ...  (2). 
a  =  area  of  effluent  vein  =  bxh. 

The  actual  discharge  is  found  by  multiplying  the  theoretical 
discharge  by  the  coefficient  of  efflux  m,  which  varies  under 
different  circumstances.  The  millwright  must  select  this  co- 
efficient from  the  following  tables,  so  as  to  suit  the  particular 
case  to  which  it  is  to  be  applied. 

Table  V.— Coefficient  of  Discharge  for  Weirs,  from  Experiments 
on  Notches  8  Inches  Broad,  by  Poncelet  and  Lesbros. 


Head  of  ) 
Water  in 

inches      . 1 

089 

0-78 

118 

1-57 

2-36 

315 

3-93 

5-90 

786 

8-65 

Coefficient  of 
discharge  [ 

0-424 

0-417 

0-412 

0-407 

0-401 

0-397 

0-395 

0393 

0-390 

0-385 

This  gives  a  mean  value  of  0*4  or  Jths  for  § m,  and  hence  we 
may  approximately  find  the  discharge  from  a  waste  board  by 
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TABLE  Vl.—  Coefficients  of  Discharge  from  Weirp,  from  Experiments 

by  Mb.  Black  well. 


No.  of 
Trial* 

6 

Description  of  overfalls 

Head  In 
ins. 

Im. 

1  to  3 
3  to  6 

•440 

•402 

1  1 

( 

1  to  3 
4  to  6 
6  to  9 

•501 
•435 
•370 

23 

| 

Plank  2  inches  thick,  with  notch  3  feet  broad      .  | 

1  to  S 
3  to  6 
6  to  10 

•342 
•384 
•406 

56 

( 

Plank  2  inches  thick,  with  notch  6  feet  broad      .  j 

1  to  3 
3  to  4 
6  to  9 
9  to  14 

•359 
•396 
•392 
•358 

40 

Plank  2  inches  thick,  with  notch  10  feet  broad     .  j 

1  to  3 
3  to  6 
6  to  9 
9  to  12 

•346 
•397 
•374 
•336 

4 

Plank  2  ins.  thick,  notch  10  ft.  broad,  with  wings  1 

1  to  2 
4  to  5 

•476 
442 

7 

Overfall  with  a  crest,  3  feet  wide,  sloping  1  in  j 

1  to  3 
3  to  6 
6  to  9 

•342 
•328 
•311 

9 

Overfull  with  a  crest,  3  feet  wide,  sloping  1  in  J 

1  to  3 
3  to  6 
6  to  9 

•362 
•345 
•332 

6 

Overfall  with  a  crest,  3  feet  wide,  sloping  1  in  ' 

1  to  4 
4  to  8 

•328 
•350 

14 

Overfall  with  a  level  crest,  3  feet  wide  by  6  J 

1  to  3 
3  to  6 
6  to  9 

•305 
•311 
•318 

15 

Overfall  with  level  crest,  6  feet  long  by  3  broad  .  j 

3  to  7 
7  to  12 

•330 
•310 

12 

Overfall  with  level  crest,  3  feet  wide  by  10  long  .  -j 

1  to  5 

5  to  8 
8  to  10 

1  to  8 
3  to  6 

6  to  9 

•306 
•327 
•313 

Gl 

At  Chew  Magna,  overfall  bar  10  feet  long,  2  ins. 

•437 
•499 
•505 
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multiplying  the  head  in  feet  by  the  breadth  of  the  notch  in 
feet,  and  by  the  velocity  due  to  the  head  found  by  equation 
(2)  or  Table  I.  Two-fifths  of  this  product  will  be  the  dis- 
charge in  cubic  feet  per  second. 

In  1852  the  council  of  the  Institution  of  Civil  Engineers 
awarded  to  Mr.  Blackwell  a  premium  for  a  valuable  series  of 
experiments  on  the  discharge  of  water  from  weirs  made  on  a 
very  large  scale,  and  with  various  conditions  of  head  and  with 
different  kinds  of  overfall  bars.  What  constitutes  the  prin- 
cipal value  of  Mr.  BlackwelFs  paper  is  the  scale  on  which  the 
experiments  were  made,  and  their  close  approximation  to  actual 
practice.  It  must  be  borne  in  mind,  however,  that  in  calcu- 
lating the  quantity  of  water  discharged  in  the  flow  of  rivers  over 
weirs,  reference-  must  be  had  to  the  form  of  the  top,  in  order  to 
ascertain  the  state  of  the  overfall  as  compared  with  those  in  the 
table  on  opposite  page,  from  which  the  coefficient  is  taken  for 
calculation. 

The  most  important  of  the  generalisations  from  this  table 

are 

1st.  That  the  discharge  is  decreased  in  proportion  to  the 
breadth  and  inclination  of  the  crest,  being  least  when  the  crest 
is  level. 

2nd.  That  converging  wing  walls,  above  the  overfall,  increase 
the  discharge. 

Where,  as  in  the  case  of  a  river,  the  water  approaches  the 
weir  with  a  certain  velocity,  it  should  be  taken  separately  into 
account,  the  above  coefficients  being  deduced  from  experiments 
on  reservoirs  so  large  that  the  water  was  approximately  stag- 
nant. 

Let  A  =  height  of  head  due  to  velocity  v  of  water  as  it  ap- 

preaches  the  weir ;  that  is,  let  k  =  ; 

o4*oo 

the  effective  discharge  is  then  = 

q  =  $  m  .  b  .  y/Tg      +  ft)  * -jfc     ...  (6).« 

*  Weisl-ach. 

n 
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Table  VII.— Examples  of  Estimation  of  Discharge  from  Weirs. 


Head  of 

water 

. 

Volocitv  due 
to  head. 
Table  I. 

!* 
Coefficient  of 

discharge. 
Tablwi  V.  VI. 

b 

Breadth 

| b. A. r 

Theoretical 
discharge 
per  second 

3  m  .  b  .  A  .  v 
Actunl  dis- 
charge per 

Remark* 

inehet 

1 

6 
12 

2-32 
567 
802 

0-412 

0-393 
0-3S0 

1  ft. 
1  ft. 
1  ft. 

cubic  fret 
1-283 
1-890 
5-35 

cubic /ret 
•793 
1114 
3047 

Thin-lipped 
waste 
board 

6 

5-67 

0-350 

10  ft. 

18-90 

9-922 

Weir  with 
crest 

According  to  the  above  formula  I  have  computed  the  fol- 
lowing table  showing  at  a  glance  the  velocity  in  feet,  the  theo- 
retical discharge  in  cubic  feet  per  second,  and  the  actual 
discharge  of  water  over  a  thin-edged  notch  or  weir  for  various 
heads  from  J  an  inch  to  6  feet — the  water  approaching  the 
weir  with  no  perceptible  current. 


Table  VIII.— Discharge  of  Water  over  a  Thin-edged  Notch  or  Weir 

FOR  EVERY  FOOT  IN  BREADTH  OF  THE  STREAM  IN  CUBIC  FEET  PER  SECOND. 


A 

Head 

In 
feet 

V 

Velocity 

per 
second 

4rn 
Coefficient 
of  dis- 
charge. 
Table  V. 

ib.h.V 

Theoretical 
discharge 
per  second 

JmJ.A.r 
Actual  dis- 
charge per  1 
second 

A 

Head 
in 

feet 

1 

Velocity 

per 
second 

§  m      !  |  b .  A  .  v 
Coefficient  Theoretical 
of  dis-  discharge 
charge     per  second 

|m.  6.  «.  J 
Actual  dis- 
charge per 
second 

ft.  ' 



cub.  ft. 

cub.  ft. 

A 

cub.  ft. 

cub.  ft. 

05 

1-79 

0-42 

•0596 

0376 

« 

11-62 

0-35 

1694 

8-890 

1 

2-53 

0-41 

•168 

1037 

2-2 

11-90 

035 

17-44 

9163 

•2 

3-58 

0-40 

•478 

•286 

2-3 

1217 

0-35 

18-66 

9-796 

•3 

4-39 

0-40 

•878 

•527 

2-4 

12-43 

0-34 

19-88 

10142 

•4 

507 

0-40 

1-352 

•81 1 

|  25 

12-68 

0*34 

2114 

10-778 

•I 

567 

0-30 

1-890 

1105  | 

2-6 

12-94 

0-34 

2242 

11-439 

•6 

6-20 

0-39 

2-414 

1-411 

1  2-8 

13-42 

0-34 

2504 

12-774 

•7 

6-71 

0-39 

31 30 

1-832 

30 

13-89 

034 

27-78 

13-751 

•8 

717 

0-38 

3  824 

2179 

I  3-2 

14-35 

0-33 

30-60 

15153  j 

•9 

7  31 

0-38 

4-386 

2-500 

34 

14-79 

033 

33-52 

16-593 

10 

802 

0-38 

5-34 

3047 

>  36 

15-22 

0-33 

36-53 

18081 

VI 

842 

0-38 

618 

3-519 

3-8 

15-64 

033 

3962 

19-612 

1-2 

8-82 

0-37 

704 

3-914 

4  0 

16-04 

033 

42-78 

21173 

1-3 

915 

0-37 

7-98 

4-399 

4-2 

16-24 

033 

4603 

22  786 

1-4 

9-47 

0-37 

8-84 

4-906 

44 

16-82 

033 

49-33 

24-422 

1-5 

979 

0-37 

9-78 

5-430 

4-6 

17-20 

0-33 

52-74 

26109 

1-6 

10  11 

036 

10-78 

5-821 

4-8 

17-57 

033 

5622 

27829 

1-7 

1067 

0-36 

1209 

6-529 

1  50 

17-93 

033 

59-76 

29-564 

1-8 

10-75 

0-36 

12-90 

6-966 

5-2 

1829 

0-33 

63-40 

31-385 

1-9 

10-99 

036 

13-92 

7-516 

6-4 

18-64 

033 

6711 

33-216 

2-0 

11-34 

036 

1512 

8164 

60 

19-64 

0-33 

78-56 

38-887 

Mr.  Sang  of  Kirkcaldy  has  proposed  a  very  ingenious  arrange- 
ment for  the  approximate  measurement  of  the  flow  of  water 
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over  a  rectangular  notch  in  a  waste  board,  particularly  appli- 
cable in  cases  where  the  flow  has  to  be  frequently  registered,  as 
in  the  daily  observations  by  which  drainage  is  estimated.  He 
employs  a  scale  graduated  variably,  so  as  to  give  at  once  the 
number  of  cubic  feet  per  minute  of  water  to  every  inch  in 
breadth  of  the  rectangular  notch.  Hence  instead  of  employing 
a  complex  formula,  nothing  more  is  required  than  to  observe 
at  what  number  the  water  stands  on  the  rule,  and  to  multiply 
that  by  the  number  of  inches  of  breadth  of  the  notch,  and  we 
obtain  at  once  the  discharge  in  cubic  feet  per  minute.  He  pro- 
poses that  such  a  scale  engraved  on  paper  should  be  placed  in  a 
glass  tube,  hermetically  sealed,  and  permanently  fixed  in  a  suit- 
able position  on  the  weir.  The  following  table  calculated  by 
Mr.  Sang  shows  the  position  of  the  divisions  of  the  scale  cor- 
responding to  cubic  feet,  and  tenths  of  cubic  feet  discharge  : 


1 

Pittance  from 

> 

Pintail co  from 

1 

Distance  from  I 

Distance  from1 

Ze  ro  of  scale 

Division 

Zero  of  scale 

DiTiaion 

Zero  of  scale 

Division 

Zero  of  scale 

in  inche* 

in  inches 

1 

in  inches 

in  inches 

•000 

"  " 
26 

3  327 

51 

5  214 

7-6 

6-803 

1  -1 

•379 

2-7 

3-412 

i  5-2 

5-282 

7-7 

6-8(52 

-602 

2-8 

3-496 

6-3 

5-350 

7-8 

6-921 

!  1 

•789 

2  9 

3-579 

5-4 

5-417 

7-9 

6-980 

•955 

30 

3-661 

5-5 

5-483 

80 

7-03!) 

\- 

•6 

1-109 

31 

3-741 

5-6 

5  549 

81 

7-098 

1  -252 

3-2 

3-822 

5-7 

5-615 

8-2 

7  156 

•7 

1-387 

33 

3-901 

5-8 

6681 

8-3 

7214 

■8    1  lol6 
•9  1-641 

3-4 

3-979 

6-9 

5-746 

84 

7-272 

3-5 

4-057 

6-0 

6-811 

8-5 

7-329 

1  10 

1-760 

3-6 

4134 

61 

5-875 

8-6 

7-387 

11    i  1-875 

37 

4-210 

6-2 

5-939 

8-7 

7-444 

1-2 

1-987 

3-8 

4-285 

6-3 

6  003 

8-8 

7-501 

I  13 

2  096 

3-9 

4  360 

6-4 

6-066 

8-9 

7-558 

1-4 

2202 

4-0 

4-434 

6-5 

6129 

9-0 

7-614 

1-5 

2-306 

41 

4-508 

:  6-6 

6- 192 

91 

7-671 

1-6 

2-407 

4-2 

4-581 

6-7 

6-254 

92 

7-727 

1  1'7 

2-507 

4-3 

4*654 

6-8 

6-316 

9-a 

7-783 

i  1-8 

2-604 

4-4 

4-726 

6-9 

6-378 

9-4 

7-838 

1-9 

2-700 

4-5 

4-797 

70 

6-440 

9-5 

7-894 

2-0 

2-794 

4-6 

4-868 

71 

6-501 

9-6 

7-949 

21 

2-886 

4-7 
4-8 

4-938 

7-2 

6-562 

97 

8-004 

2-2 

2-977 

5007 

7-3 

6-622 

9-8 

8-059 

2-3 

3066 

4-9 

5077 

7-4 

6-683 

9-9 

8114 

2-4 

3- 155 

50 

6-146 

6-743 

10-0 

8^168 

2-5 

3-242 

5th.  Friction  of  fluids  in  conduits  and  pipes. — In  long  tubes 
an  increased  retardation  arises,  which  must  be  ascribed  to  the 
friction  of  the  fluid  against  the  sides,  and  it  has  been  ascertained 
that  this  element  of  retardation,  whilst  independent  of  the 

8  2 


Digitized  by  Google 


100  ON  PRIME- MOVERS. 

pressure  of  the  fluid,  increases  in  the  ratio  of  the  length  of  the 
tube,  and  decreases  in  the  ratio  of  the  width  or  diameter.  It 
also  increases  nearly  as  the  square  of  the  velocity. 

For  pipes  of  uniform  size  and  with  no  considerable  amount 
of  bending,  it  may  be  shown  that  the  velocity  of  discharge 


v? 


2880  hd     1  I 


+  54  d    12  £  +  54  d 
or  if  h  be  not  very  small,  neglecting  the  last  term, 

'2380  h  d 


I  +  54  d 
and  if  the  pipes  be  very  long, 


(8) 


2:J80J  d  \_ 

54 ~d    12  (9) 


where  /  =  length  of  pipe  in  feet ;  d  =  diameter  in  feet ;  h  = 
head  in  feet ;  and  the  constants  have  been  derived  from  the 
experiments  of  Prony  and  d'Aubuisson. 

Formula  (8)  very  nearly  coincides  with  that  given  by 
Poncelet,  namely, 


V/  +  54d     V  I 


£  +  54  d' 

The  most  convenient  way  in  practice  of  estimating  the  re- 
tardation of  friction  in  the  pipes  is  to  measure  the  head  of  water 
which  is  requisite  to  overcome  the  friction,  without  increasing 
the  velocity  of  the  current.  In  calculations  of  quantity  when 
the  head  h,  necessary  to  generate  the  required  velocity  of  exit, 
has  been  estimated  by  the  rule  for  thick-lipped  orifices  already 
given,  another  head  fc,  must  be  added  as  necessary  to  over- 
come the  friction,  if  the  orifice  is  prolonged  into  a  tube. 

The  height  to  overcome  friction  may  be  calculated  from  the 
formula 

*'  =  n!e-2-?-(10) 

where  n  is  the  coefficient  of  friction  derived  from  experiment. 
Hence,  putting  q  for  the  discharge, 

,=±J...(U) 

when  the  pipe  is  cylindrical. 
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We  may  combine  this  formula  with  the  preceding  formula 
for  the  discharge  from  a  thick-lipped  orifice,  putting  m  =  co- 
efficient of  resistance  for  the  portion  of  tube  next  the  cistern, 
and  n,  coefficient  of  resistance  for  the  remainder  of  the  tube; 
we  then  have  for  the  whole  head  of  water 


h  =  m  -  \-  n  •  -  • 

2g  d  2g 


+ 


V  (J 


(12) 


or 


and 


fc=(l +  ...(13) 


V  = 


x'2g  h 


I 

1  +m  +  n~d 


...  (14) 


and  putting  a  =  area  of  orifice,  the  discharge  = 

q  =  a  v  ...  (15). 

If  there  be  bends  in  the  tube  an  increased  element  of  resistance 
is  introduced ;  if  we  put  p  for  the  sum  of  the  resistances  due  to 
this  source, 

h=  (l  +  m  +  +2,)-^-(16) 

-(^-♦•J**)  (^),2j^-(17)- 

These  formulae  we  have  from  Weisbach's  4  Mechanics  of  En- 
gineering/ from  which  the  following  table  has  been  reduced  and 
adapted  to  English  measures  : 

Table  op  the  Value  of  the  Coefficient  of  Friction  n  for  Different 

Velocities. 

_  Velocity  In  Feet 


1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0 

00 

0316 

0265 

0244 

0229 

0220 

•0215 

0209 

0205 

•0202 

•0198 

0195 

4 

0443 

0293 

0257 

0239 

0226 

•0218 

0213 

•0208 

0204 

0201 

•0197 

0195 

8 

0355 

0277 

0250 

0233 

•0223 

0217 

0211 

0206 

•0203 

.0200 

•0196 

•0194 

12 

0316 

0265 

0244 

0229 

0220 

•0215 

•0209 

•0205 

0202 

•0199 

0195 

•0193 

To  use  this  table  look  in  the  horizontal  line  at  top  for  the 
nearest  velocity  in  feet,  in  the  vertical  column  underneath  and 
opposite  the  nearest  number  of  inches  will  be  found  the  value 
of  n  required.    Thus  for  a  velocity  of  6  feet  8  inches  per 
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Becond,  the  coefficient  n  will  be  found  to  be  0*211,  being  under 
6  and  opposite  8. 

From  sixty-three  experiments  Weisbach  deduces  another 
general  formula  for  the  flow  of  water  in  tubes  which  is  very  con- 
venient for  calculation.  It  is  based  on  the  hypothesis  that  the 
resistance  to  friction  increases  simultaneously  as  the  square, 
and  as  the  square  root  of  the  cube  of  the  velocity,  and  is  of  the 
form 

f  r\  f\  \  1 1  •  001716N  l     v*  ,1QX 

H  =    0-0144  + —         )  -  •  — —  ;  ...  (18) 

V  V  v  /  d    64-4  v 

which  gives  the  head  due  to  friction  in  feet.  From  this  for- 
mula, Mr.  James  Thomson,  M.A.,  CE.,  and  Mr.  George  Fuller, 
C.E.,  have  calculated  the  preceding  very  complete  and  conve- 
nient table  (pp.  102,  103). 

In  laying  pipes  the  following  directions  are  not  unimportant ; 
the  mouth,  both  for  ingress  and  egress,  should  be  trumpet- 
shaped  ;  bends  should  be  as  far  as  possible  avoided,  and  espe- 
cially sharp  angular  bends ;  at  junctions  the  smaller  pipe  should 
be  brought  round  in  a  curve  to  agree  in  direction  with  the  main. 
And,  lastly,  where  a  pipe  rises  and  falls  much,  air  is  apt  to 
collect  in  the  upper  parts  of  the  bends,  and  thus  reduce  the 
section  at  that  part,,  and  it  is  advisable  to  make  provision  by  a 
cock  or  otherwise  for  drawing  it  off  at  intervals. 

Flow  of  water  in  open  channels. — This  is  a  question  of  im- 
portance, and  requires  careful  consideration  on  the  part  of  the 
engineer,  as  it  is  a  case  of  frequent  occurrence  in  calculations  of 
the  flow  of  water.  It  is  often,  from  various  circumstances,  im- 
possible to  throw  even  a  temporary  waste  board  or  weir  across 
a  stream  the  quantity  of  discharge  from  which  it  is  desirable  to 
ascertain,  and  hence  it  becomes  necessary  to  determine  a  for- 
mula which  takes  into  account  the  friction  of  the  river  sides. 

In  estimating  the  velocity  of  a  stream  on  a  canal  or  river,  by 
throwing  in  floating  bodies  of  nearly  the  same  specific  gravity 
as  the  water,  and  estimating  the  time  they  require  to  pass  a 
given  measured  distance,  it  must  be  borne  in  mind  that  the 
velocity  is  greatest  in  the  centre  of  the  stream  and  near  the 
surface,  and  less  at  the  bottom  and  near  the  sides.  It  is  gene- 
rally most  convenient  to  ascertain  the  velocity  at  the  centre, 
where  the  stream  is  fleetest;  but  it  is  essential  in  calculations  to 
know  the  mean  velocity,  or  the  velocity  of  a  stream  of  the  same 
section,  discharging  the  same  quantity  of  water,  but  unaffected 
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by  friction  at  the  sides.  In  practice  it  will  be  sufficient  to 
assume  that  the  mean  velocity  of  a  stream  is  equal  to  0*83  per 
cent,  or  £  of  the  velocity  at  the  surface. 

Or  we  may  use  an  empirical  formula  of  Prony's,  putting  v 
for  the  mean  velocity,  and  v  for  the  surface  velocity,  measured 
by  a  floating  body  at  the  middle  of  the  stream 

v(v  +  7-77)  10 
V  ~  v  +  10-33  (iJ)- 

For  small  streams  the  most  accurate  method  of  measurement  is 
the  formation  of  a  temporary  weir  by  a  vertical  board  thrown 
across  the  stream  and  carefully  puddled  at  the  edges.  A  rect- 
angular notch  of  sufficient  capacity  to  pass  the  water  must  be 
cut  in  the  middle  portion.  The  height  of  the  water  above  the 
level  of  the  notch  should  then  be  measured  either  at  its  crest, 
or  better  still  at  some  distance  behind,  where  the  water  is  nearly 
still,  and  the  constant  for  calculation  will  be  found  in  Table  V. 
or  VI.  as  the  case  may  be. 

But  if  a  waste  board  or  weir  cannot  be  employed,  we  may 
find  the  surface  velocity,  and  from  that  obtain  its  mean  velocity 
by  the  methods  given  above.  If  then  we  take  the  depth  of  the 
stream  at  various  parts  of  its  breadth  and  so  calculate  its  sec- 
tional area,  we  may  find  the  cubic  feet  of  water  discharged  per 
second  by  multiplying  (the  mean  velocity  in  feet  per  second) 
by  the  area  so  found  (in  square  feet). 

Thus,  if  a  body  floats  along  the  surface  of  a  stream  300  feet 

in  a  minute,  its  maximum  velocity  =        =  5  feet  per  second, 

and  its  mean  velocity,  according  to  Prony,  =     *  *^4iQ? 

o  +  lU*o»> 

=  4-16.  Now  let  the  depth  of  the  stream,  16  feet  broad, 
measured  at  equal  distances  of  two  feet  apart,  be  0,  1 ,  2£,  3,  3, 
3},  3,  If ,  0  feet  respectively,  then  the  area  — 

2  x  (1  +  2J  +  3  +  3  +  3}+  3  +  1})  =  36  sq.  ft. 
.  • .  Cubic  feet  of  water  discharged  per  second 
-  36  x  4-16  -  149-76  cubic  feet. 

In  rivers,  the  coefficient  of  friction  n  in  formulae  (12)  (18) 
and  (14)  may  be  taken  at  0*0075;  it  varies,  according  to 
Weisbach,  from  0-00811  to  0-00748  as  the  velocity  increases 
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from  0-1  to  1-0  metres,  and  from  0-00748  to  0-00743  as  the 
velocity  increases  from  1  to  3  metres. 

The  following  formulae  express  the  relations  of  velocity, 
fall,  and  discharge,  when  the  flow  of  the  stream  is  uniform : 


Q  =  p  c  ...  (3).* 

Where  h  =  whole  fall,  q  =  discharge,  p  =  transverse  section 
of  stream,  c  =  mean  velocity  of  stream,  I  =  distance  which  the 

i  iver  flows  for  a  fall  h>  ^  the  perimeter  of  the  water  profile, 

and  f  the  coefficient  of  friction. 

The  best  form  of  section  must  be  that  which  presents  the 
least  resistance  to  a  given  quantity  of  water  flowing  through 
the  channel.  Now  it  has  been  shown  that  the  resistance  of 
friction  varies  directly  as  the  wetted  perimeter  and  inversely  as 
the  area  of  the  section,  and  when  the  area  is  constant  it  will 
therefore  vary  directly  as  the  wetted  perimeter.  Consequently 
the  best  form  of  section  will  be  that  with  the  least  perimeter 
for  a  given  area.  Hence  for  open  channels  in  which  the  upper 
water  line  is  not  part  of  the  wetted  perimeter,  the  half  square 
is  the  best  rectangular  section,  and  the  semihexagon  the  best 
trapezoidal  section.  For  equal  flows  of  water  the  semicircle 
will  have  less  friction  than  the  semihexagon,  and  the  semi- 
hexagon  than  the  semisquare.  In  designing  conduits,  for  in- 
stance, the  head-race  or  tail-race  of  water  wheels,  not  only 
must  the  sectional  form  be  attended  to,  but  bends  must  be 
avoided  as  much  as  possible. 

Estimation  of  Water  Power. — Where  a  natural  reservoir  of 
mechanical  power  is  employed  through  the  medium  of  a  prime- 
mover  in  overcoming  resistances,  in  sawing,  grinding,  &c,  we 
term  the  moving  force  the  power,  and  the  resistances  overcome 
the  work. 

The  dynamic  unit  by  which  we  estimate  force  or  resistance 
is  the  foot-pound,  or  the  unit  of  force  which  is  capable  of  lifting 
a  weight  of  one  pound  one  foot  high.  A  second  unit  is  employed 
when  estimating  large  expenditure  of  force,  namely,  the  horse 

*  Weisbacl),  vol.  i.  p.  493. 
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power.  One-horse  power,  according  to  the  estimate  of  Watt, 
was  equivalent  to  33,000  lbs.  raised  one  foot  high  in  a  minute 
or  550  foot-pounds  per  second. 

It  is  evident  that  a  power  exerted  by  a  weight  of  water 
falling  a  given  number  of  feet  is  capable  of  raising  an  equal 
weight  the  same  number  of  feet.  The  power  expended  must 
equal  the  resistances  overcome.  In  transmitting  power  through 
a  prime-mover,  however,  a  certain  loss  necessarily  takes  place, 
arising  (1)  from  the  loss  or  waste  of  the  power  by  spilling, 
leakage,  &c,  and  (2)  from  the  absorption  of  a  part  of  the  power 
in  overcoming  the  resistances  of  the  prime-mover  itself,  friction, 
&e.  Hence  the  work  accomplished  by  a  prime-mover  is  never 
equivalent  to  the  power  expended  on  it;  the  useful  effect  is 
always  only  a  certain  percentage  of  the  power,  and  this  per- 
centage is  called  the  efficiency  or  modulus  of  the  machine. 

Now  for  a  water  wheel  on  which  a  stream  of  water  acts  by 
gravity  alone 

Let  h  =  height  of  fall  in  feet. 

w  =  weight  of  water  delivered  on  the  wheel  per  second, 
n  =  the  number  of  cubic  feet  per  second, 
p  =  the  dynamic  force  of  the  falling  water  in  foot- 
pounds. 

p,  =  p  reduced  to  horses  power. 

U  =  the  useful  effect  of  the  machine  in  foot-pounds  and 

u,=  u  reduced  to  h.  p. 

u  =  the  modulus  of  the  machine. 

Then  for  the  total  water  power  of  the  wall  we  have,  in  foot- 
pounds, 

p  =  w  h  ...  (1) ; 

and  water  weighing  62*5  lbs.  per  cubic  foot, 

p  =  62  5  n  h  ; 

or,  in  horses  power, 

w  h  _  _  C2  o  n  k      n  h 
Pl  "  550         550  8^8* 

Hence,  for  every  foot  of  fall  8*88  cubic  feet  of  water  per 
second,  or  1*47  tons  per  minute,  theoretically  afford  an 
available  force  of  one-horse  power. 
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But  by  definition, 

m  -  n- (22)- 

.*.  u  =  "wvx-  in  foot-pounds. 

u  w  h  .  , 
u,=  -ooo  in  horses  power; 

and, 

■t  ~*  p  =  the  sum  of  the  resistances  from  friction,  &c,  and 

the  loss  from  wasted  water,  in  accumulating  and  transmitting 

the  power. 
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CHAPTER  III. 

ON  THE  CONSTRUCTION  OP  WATER  WHEELS. 

In  the  present  age,  the  same  importance  is  not  attached  to 
water  power  as  before  the  introduction  of  steam,  as  has  been 
already  shown.  Nevertheless,  since  water  is  still  largely  em- 
ployed in  some  districts  and  for  certain  kinds  of  work,  it  is  of 
importance  that  the  machinery  for  rendering  it  useful  should 
be  constructed  upon  the  best  principle,  so  as  to  secure  a  maxi- 
mum effect.  In  numerous  localities  in  Europe  and  America, 
water  is  the  principal  motive  agent  by  which  manufacturing 
processes  are  carried  on  ;  and  the  time  has  not  yet  arrived 
when  it  can  be  dispensed  with  even  in  our  own  country.  We 
shall  therefore  endeavour  to  point  out  the  difference  between 
the  ordinary  and  improved  forms  of  water  wheels,  and  to  lay 
down  sound  principles  of  construction,  accompanied  by  ex- 
amples for  the  guidance  of  the  millwright. 

CLASSIFICATION  OP  WATER  MACHINES. 

Water  may  be  expended  upon  water  machines,  1st.  By  gravi- 
tation, as  in  vertical  wheels  generally ;  2nd.  By  pressure  simply, 
as  in  the  water  pressure  engine,  where  the  water  acts  on  a 
reciprocating  piston ;  3rd.  By  the  impulse  of  effluent  water 
striking  float  boards,  as  in  the  Poncelet  wheel ;  4th.  .By  the 
reaction  of  effluent  water  issuing  from  an  orifice,  as  in  the 
Barker's  mill  and  Whitelaw's  turbine;  or  lastly,  by  momentum, 
as  in  the  case  of  the  water  ram. 

It  is  not,  however,  always  possible  in  practice  to  classify 
water  machines  according  to  the  mode  in  which  water  ex- 
pends its  force,  and  hence  it  will  be  more  convenient  to  divide 
them  according  to  the  point  at  which  the  water  is  applied,  and 
the  direction  in  which  it  passes  through  the  wheel,  as  in  the 
following  summary : 

1st.  Vertical  Water  Wheel*,  the  plane  of  rotation  being 


Digitized  by  Google 


110 


ON  PRIME-MOVERS 


vertical  and  the  water  received  and  afterwards  discharged  at 
the  same  orifice  on  the  external  periphery.  These  may  be  sub- 
divided into 

a.  Overshot  wheels,  where  the  water  is  applied  over  the 
crest,  or  near  the  upper  extremity  of  the  vertical  diameter. 

b.  Breast  wheels,  where  the  water  is  applied  below  the 
crest  at  the  side  of  the  wheel. 

c.  Undershot  wheels,  where  the  water  is  applied  near  the 
bottom  of  the  wheel,  and  acts,  1.  By  gravitation,  as  in  the  im- 
proved undershot  wheel ;  or  2.  By  impulse,  as  in  the  ordinary 
undershot  and  Poncelet  wheels. 

2nd.  Horizontal  Wheels,  the  plane  of  rotation  being  hori- 
zontal and  the  water  passing  through  the  wheel  from  one  side 
to  the  other.    These  may  be  subdivided  into 

a.  Horizontal  wheels  strictly  so  called,  in  which  the  water 
passes  vertically  down  through  the  wheel,  acting  as  it  passes 
on  curved  buckets. 

b.  Turbines,  annular  wheels  in  which  the  water  enters  the 
buckets  at  the  internal  periphery,  and  passing  horizontally  is 
discharged  at  the  external  periphery. 

c.  Vortex  wheels,  in  which  the  water  entering  at  the  ex- 
ternal periphery  flows  horizontally  and  is  discharged  at  the 
internal  periphery. 

3rd.  Reciprocating  Engines,  in  which  the  water  is  applied 
upon  a  piston  and  regulated  by  valves  on  the  same  principle  as 
the  steam  engine. 

TJw  Improvements  of  the  Vertical  Wheel. — In  the  present 
chapter  it  will  be  convenient  to  enter  on  the  consideration  of 
the  construction  of  vertical  wheels.  Sinoe  the  time  of  Smeaton's 
experiments  in  1759,  the  principle  on  which  vertical  water 
wheels  have  been  constructed  has  undergone  no  important 
change,  although  considerable  improvements  have  been  effected 
in  the  details.  The  substitution  of  iron  for  wood  has  afforded 
opportunities  for  extensive  changes  in  their  forms,  particularly 
in  the  shape  and  arrangement  of  the  buckets,  and  has  given  a 
lighter  and  more  permanent  character  to  the  machine  than 
had  previously  been  attained.  A  curvilinear  form  for  the 
buckets  has  been  adopted,  the  sheet  iron  of  which  they  are 
composed  affording  great  facility  for  being  moulded  into  the 
required  shape.  It  is  not  the  object  of  the  present  treatise  to 
enter  into  the  dates  of  past  improvements,  but  it  will  suffice  to 
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observe  that  the  breast  wheel  has  taken  precedence  of  theovershot 
wheel,  probably  from  the  increased  facilities  which  a  wheel  of 
this  description  affords  for  the  reception  of  the  water  under  a 
varying  head.  It  is  in  most  cases  more  convenient  to  apply  the 
water  of  high  falls  on  the  breast  at  an  elevation  of  about  30° 
from  the  vertical  diameter,  as  the  support  of  the  pentrough  is 
much  less  expensive  and  difficult  than  when  it  has  to  be  carried 
over  the  top  of  the  wheel.  In  cases  of  a  variable  head,  when  it 
is  desirable  to  work  down  the  supply  of  water,  it  cannot  be 
accomplished  without  a  sacrifice  of  power  on  an  overshot 
wheel ;  but  when  applied  at  the  breast,  the  water  in  all  states 
of  the  river  is  received  upon  the  wheel  at  the  highest  level  of 
its  head  at  the  time,  and  no  waste  is  incurred.  On  most  rivers 
this  is  important,  as  it  gives  the  manufacturer  the  privilege  of 
drawing  down  the  reservoir  three  or  four  feet  before  stopping 
lime  in  the  evening,  in  order  to  fill  again  during  the  night ;  or 
to  keep  the  mill  at  work  in  dry  seasons  until  the  regular  supply 
reaches  it  from  the  mills  higher  up  the  river.  This  becomes 
an  essential  arrangement  where  a  number  of  mills  are  located 
upon  the  same  stream,  and  hence  the  value  of  small  regulating 
reservoirs  behind  the  mill  as  a  resource  for  a  temporary  supply. 

Another  advantage  of  the  increased  diameter  of  the  breast 
wheel  is  the  ease  with  which  it  overcomes  the  obstruction  of 
back  water.  The  breast  wheel  is  not  only  less  injured  by 
floods,  but  the  retarding  force  is  overcome  with  greater  ease, 
and  the  wheel  works  in  a  greater  depth  of  back  water. 

Component  parts  of  Water  Wheels. — Vertical  water  wheels 
consist  essentially  of  a  main  axis  resting  on  masonry  found- 
ations, and  together  with  arms  and  braces  forming  the  means 
of  support  for  the  machine.  Chambers  for  the  reception  of  the 
water  constructed  of  shrouding,  sole  plate,  and  buckets.  A 
pentrough  with  sluice  for  laying  on  the  water,  and  a  tail-race 
for  conveying  it  away ;  and  an  internal  or  external  geared  spur 
wheel  and  pinion  for  transmitting  the  power.  These  parts  we 
shall  treat  of  successively,  before  describing  the  modifications 
of  the  vertical  wheel. 

The  main  axis  is  a  large  and  heavy  cast-iron  shaft  earned 
upon  pi u miner  blocks  bolted  to  the  masonry  foundations  of  the 
wheel  house.  It  sustains  the  weight  of  all  the  moving  parts  of 
the  wheel,  and  in  some  cases  the  power  is  taken  from  it,  when 
it  is  subjected  to  a  force  of  torsion.    It  is  usually  cast  with 
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Fig.  100. 


deep  ribs  or  wings,  calculated  to  resist  the  tensile  and  com- 
pressive strain  to  which  they  are  alternately  subjected  as  the 
wheel  revolves.  A  section  and  elevation  of  the  main  axis  of  a 
water  wheel,  20  feet  in  diameter  and  22  feet  wide,  are  shown 
in  figs.  100  and  101.*  a  a  is  one  half  the  main  axis  with  its 
four  deep  ribs.  The  part  e  is  the  journal  on  which  the  wheel  re- 
volves, and  d  is  left  square 
for  the  convenience  of  fix- 
ing a  screw-jack  should  the 
wheel  require  raising,  bbb 
are  the  recesses  for  the  radi- 
cal arms  of  2£-inch  round 
iron  fixed  by  the  keys  / /; 
g  g  the  corresponding  re- 
cesses for  the  braces  which 
pass  diagonally  across  the 
wheel  and  alternate  with 
the  arms ;  c  c  are  the  key 
beds  on  the  main  axis  for 
fixing  the  main  centre.  It 
is  difficult  to  estimate  the 
strain  on  this  shaft  when 
the  wheel  is  on  the  suspen- 
sion principle,  although 
the  work  it  has  to  perform 
is  trifling  compared  with 
what  it  would  have  to  sus- 
tain in  the  event  of  the 
power  being  taken  from 
the  axle.  In  the  latter 
case  the  wheel  has  to  sus- 
tain not  only  the  weight  of  the  wheel  and  the  water  in  the 
buckets,  but  also  the  force  of  torsion,  as  the  power  is  trans- 
mitted from  the  periphery  through  the  arms  and  axle  to  the 
main  gearing  of  the  mill. 

The  following  table  exhibits  the  dimensions  of  the  journals, 
which  for  high  and  low  breast  wheels,  where  the  depth  of  the 
buckets  is  nearly  the  same,  I  have  found  effective,  and  is  a 


*  The  wheel  is  shown  in  Plate  IV.  Fig.  1 10  is  also  an  enlarged  detail  drawing 
of  this  wheel. 
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summary  of  my  own  practice  in  this  respect  for  the  last  forty 
years : 

Table  of  Diameters  of  the  Main  Axis  Journals  of  Water  Wheels. 


Diameter  of 
Wheels 
In  feet 

Diameter  of  Journal  for  a  Wheel 

&  ft.  broad 

10  ft.  broad 

16  ft.  broad 

20  ft.  broad 

inch* 

inches 

inches 

inches 

15 

6 

7 

10 

18 

H 

H 

11 

20 

7 

8 

12 

25 

n 

n 

!? 

121 

30 

8 

9 

IH 

13 

40 

10 

12} 

14* 

50 

11 

14 

16 

The  lengths  of 
the  bearings  are 
usually  equal  to 
one  and  a  half 
diameters  of  the 
journal. 


Tredgold's  rule  for  the  diameter  of  water-wheel  journals  is 


that 


d  -  i  (I  w)>  ...  (1) 


where  d  =  diameter  of  gudgeon  in  inches,  I  =  its  length  in 
inches,  and  w  =  the  maximum  load  placed  on  it  in  lbs. ;  or, 
supposing  the  power  to  be  taken  off  at  the  loaded  side  and  the 
pinion  to  carry  the  weight  of  water,  w  =  half  the  weight  of 
the  wheel. 

Example. — A  wheel  18  feet  in  diameter  and  20  feet  broad 
weighs  34  tons ;  required  the  diameter  of  the  gudgeon  of  the 
main  axis,  taking  its  length  at  10  inches. 

Here,  d  =  I  (10  x  ?1  x  2240)*  =  8  in. 

y  l 

Another  rule  which  has  been  proposed  is 

(/  =  i.-         ...  (2). 

Example. — Taking  the  same  wheel  as  before — 

d  =  1       /  U  x  2240  =  7-8  in. 
25   V  2 

where  the  length  is  nearly  equal  to  the  diameter;  but  both 
these  give  a  somewhat  smaller  journal  than  in  the  table 
above. 

There  exists  a  wide  difference  of  principle  amongst  mill- 
wrights as  to  the  mode  of  attaching  the  wheel  to  the  axis.  It 
may  either  be  rigidly  fixed  by  cast-iron  arms  which  resist  its 
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Fig.  103. 


weight,  as  a  series  of  columns  alternately  exposed  to  a  tensile 
and  compressive  strain,  or  it  may  be  supported  by  tension  rods 
on  the  principle  now  most  t/M1 
generally  practised  in  the 
construction  of  improved 
iron  water  wheels.    In  the 
former  case  the  arms  are  of 
cast-iron  fixed  in  recesses 
in  a  cast-iron  main  centre, 
to  which  they  are  accu- 
rately fitted  on  chipping 
strips,  and  then  bolted,  as 
shown  in  fig.  102.  Flat 
wrought-iron  arms  are  sometimes  riveted  to  the  main  centre 
in  a  somewhat  similar  manner. 

It  was  reserved  for  Mr.  T.  C.  Hewes,  of  Manchester,  to  in- 
troduce an  entirely  new  system  in  the  construction  of  water 
wheels,  in  which  the  wheels,  attached  to  the  axis  by  light 
wrought-iron  rods,  are  supported  simply  by  suspension.  I  am 
informed  that  a  wheel  on  this  principle  in  Ireland 
was  actually  constructed  with  chains,  with  which, 
however,  from  the  pliancy  of  the  links,  there  was 
some  difficulty.  But  the  principle  on  which  this 
wheel  was  constructed  was  as  sound  in  theory 
as  economical  in  practice,  and  is  due  originally, 
it  is  said,  to  the  suggestion  of  Mr.  William 
Strutt,  and  was  carried  out  fifty  years  ago  by 
Mr.  Hewes,  whilst  at  the  same  time  Mr.  Henry 
Strutt  applied  the  principle  to  cart  wheels,  some 
of  which,  thus  put  together,  were  for  a  long  time 
in  use.  Mr.  Hewes  employed  round  bars  of 
iron  in  place  of  the  chains,  and  this 
arrangement  has  kept  its  ground  to  the  present 
time,  as  the  most  effective  and  perfect  that  has 
yet  been  introduced. 

In  the  earlier  construction  of  suspension 
wheels  the  arms  and  braces  were  attached  to  the 
centre  by  screws  and  nuts,  as  shown  in  fig.  103. 
The  arms  c  c  passed  through  the  rim  b  6,  and 
the  braces  e  e,  are  set  diagonally  in  the  angle  of  the  rim. 
This  arrangement,  although  convenient  for  tightening  up  the 

I  2 
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Pig.  104. 


arms  and  braces,  was  liable  to  many  objections ;  the  nuts  were 
subject  to  become  loose  from  the  vibration  in  working,  so  as  to 
endanger  the  wheel,  and  to  create  a  difficulty  in  keeping  it  truly 
circular  in  form.  To  obviate  this,  in  1821,  I  substituted  gibs 
and  cotters,  on  the  same  principle  as  those  which  secure  the 
piston  rod  of  a  steam  engine,  as  shown  in  figs.  100  and  101  : 
the  ends  of  the  arms  are  forged  square,  and  are  fixed  in  sockets 
in  the  cast-iron  centre,  and  are  there  retained  by  the  gibs  and 
cotters  /  /  in  perfect  security  from  the  danger  of  becoming 
loose. 

The  shroud*  a  a  consist  of  cast-iron  plates  cast  in  segments 

with  curved  flanches  to  receive  the  bucket 
plates,  which  are  attached  to  them  by 
bolts  or  rivets  (d  d,  fig.  104),  and  round 
the  inner  periphery  a  projectiog  flanch 
(/>,  figs.  104  and  105)  is  formed  for  the 
reception  of  the  sole  plates  (c).  Fig.  104 
is  a  side  elevation,  and  fig.  105  a  section 
of  a  large  shrouding  of  this  description 
1 5  inches  deep ;  a  a  the  cast-iron  seg- 
mental plate  of  the  shroud  ;  b  the  flanch 
to  which  the  sole  plate  c  c  is  riveted  ;  d  d 
the  curved  flanches  and  bucket  plates ;  b 
the  bucket.  The  segments  of  the  shrouds 
are  bolted  together  by  overlap  joints,  j  /, 
shown  also  in  section  in  fig.  106.  The 
overlap  is  placed  on  the  bucket  side  of  the 
shroud  to  preserve  a  smooth  face  on  the 
outside  of  the  wheel.  The  arms  are  at- 
tached to  the  shrouds  either  by  riveting, 
or,  according  to  my  own  practice,  by 
dovetailing  into  recesses  cast  upon  the 
inner  face  of  the  shroud.  Fig.  107*  re- 
presents this  arrangement  in  section,  and 
fig.  108  in  plan.  The  ends  of  the  arm 
c  c  are  forged  into  a  form,  and  are 
fitted  into  a  similar  shaped  recess  on  the 
shroud.  To  retain  the  arms  in  position,  it  is  only  requisite  to 
give  to  the  recess  and  "["-head  a  dovetail,  as  shown  at  d.  The 

*  Figs.  104  to  109  are  enlarged  details  of  the  Catrine  Wheels,  Plates  I 
and  II. 
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loss  on  the  siiroud  must  be  tapered  gradually  down,  to  avoid 
injury  in  casting  from  unequal  contraction  in  cooling.  The 


Fig.  105. 


Fig,  106. 


arms  are  usually  2  to  2£  inches  in  diameter  for  almost  all 
wheels,  and  the  braces  1  ^  to  2  inches. 

Fig.  108. 


Fig.  109. 


To  strengthen  the  wheel  laterally,  diagonal  arms,  called 
braces,  are  used  (g  g,  g  g,  figs.  100  and  101),  and  where  the 
wheel  is  not  of  great  width  these  braces  pass 
from  the  main  centre  on  one  side  to  the  shroud 
on  the  opposite  side  of  the  wheel,  alternating 
with  the  radial  arms  and  fixed  in  the  same 
manner  (fig.  109).  Where  the  wheel  is  broad  I 
prefer  to  attach  the  braces  to  a  middle  ring  of 
cast-iron,  riveted  to  the  interior  of  the  sole 
plates  in  their  centre  between  the  shroudings. 
This  ring  strengthens  the  wheel  in  an  important 
degree,  by  supporting  the  bucket  and  sole  plate 
at  their  weakest  part,  where  they  are  liable  to 
yield  to  the  weight  of  the  water.  The  middle 
ring  is  cast  in  segments  like  the  shrouding, 
and  the  braces  are  attached  in  the  way  already  described. 
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Fig.  110. 


Fig.  110  shows  the  middle  ring  of  a  wheel  20  feet  diameter  and 
22  feet  broad. 

The  sole  plates  are  of 
wrought-iron,  |th  inch  thick 
(No.  10  Wire  Gauge),  riveted 
together  with  lap-joints.  The 
buckets  are  riveted  through- 
out their  whole  length  to  the 
sole  plate  by  a  bend  at  the 
bottom,  or  in  some  cases  by 
a  small  angle  iron  (k  Jc,  fig. 
104).  For  the  further  support 
of  the  bucket  plates,  at  every 
two  feet  of  their  length  they 
are  riveted  to  bucket  stays 
forming  a  complete  ring  of 
auxiliary  columns  round  the 
wheel  at  every  two  feet  of 
its  breadth.  These  bucket 
stays  may  be  of  wrought-iron, 
turned,  with  two  collars,  and 
riveted  through  each  bucket 
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plate,  as  at  m,  fig.  104,  or  else  of  cast-iron,  as  at  a  *, 
fig.  111. 

The  Overshot  Water  Wheel. — By  the  overshot  water  wheel 
was  originally  intended  that  form  of  wheel  in  which  the  stream 
of  water  was  led  over  the  summit  of  the  wheel,  and  thrown  upon 


it  just  beyond  the  extremity  of  the  vertical  diameter,  The 
water  is  retained  upon  the  wheel  in  troughs  or  buckets,  and 
by  its  weight  continuously  depresses  the  loaded  side  of  the 
wheel,  so  as  to  create  a  motion  of  revolution.  By  a  convenient 
modification  of  the  mode  of  applying  the  water,  however,  the 
stream  was  laid  on  to  the  wheel  upon  the  same  side  as  it 
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Fig.  113. 


approached,  by  reversing  the  direction  of  the  spout  or  sluice, 
and  for  this  form  the  name  of  pitch-back  overshot  wheel  was 
employed.  In  present  use  the  term  overshot  is  no  longer  used 
strictly,  but  is  arbitrarily  applied  to  all  wheels  in  which  the  water 
is  laid  on  near  the  summit,  although  high-breast  is  perhaps  a 
more  correct  and  descriptive  designation. 

The  form  of  the  overshot  wheel,  as  constructed  about  seventy 
to  eighty  years  ago,  is  shown  in  fig.  112.  The  wheel  revolves 
on  a  cast-iron  shaft  o,  with  broad  flanches  to  which  the  wooden 

arms  b  b  are  bolted,  as  shown  in  section 
fig.  113,*  with  wedges  between  them  to 
retain  them  in  place.  The  water  is  brought 
from  the  dam  and  carried  to  the  summit 
of  the  wheel  in  a  wooden  trough  c  c,  which 
is  nearly  horizontal*  as  in  fig.  112,  or  has 
an  inclined  apron  or  spout  over  the  wheel, 
that  the  water  may  flow  with  a  velocity 
somewhat  greater  than  that  of  the  wheel, 
so  as  not  to  be  struck  by  the  back  of  the 
revolving  float- board s,  and  thrown  off  the 
wheel.  This  apron  is  usually  made  to  in- 
cline at  an  angle  of  about  15°  with  the 
course,  and  is  18.  or  24  inches  long.  A 
sluice  or  shuttle  d  is  generally  placed  at 
the  entl  of  the  pentrough,  to  regulate  the  discharge  on  the 
wheel. 

Useful  Effect — Thus  provision  is  mado  for  a  constant 
supply  of  water  falling  into  the  buckets  at  the  summit  of  the 
wheel,  and  by  its  weight  constantly  depressing  the  loaded 
side,  whilst  at  the  bottom  it  is  discharged  with  the  same 
facility  as  it  was  received.  Owing  to  the  form  of  the  buckets, 
however,  the  water  begins  to  be  discharged  at  a  point  consider- 
ably above  the  bottom  of  the  wheel,  and  thus  escapes  before  it 
has  performed  all  the  work  due  to  the  fall.  The  amount  of 
this  waste  may  be  reduced 

1.  By  adopting  a  curvilinear  form  of  bucket. 

2.  By  only  partially  filling  the  buckets. 


*  In  earlier  wheels,  in  which  the  main  axis  is  of  wood  instead  of  iron,  the 
principal  arms  are  usually  placed  in  parallel  pairs  extending  across  the  main 


axis  to  the  shrouding  on  either  side. 
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3.  By  a  close-fitting  breast  to  retain  the  wator  on  the 
wheel. 

But  when  decreased  as  far  as  possible,  this  waste  is  still  an 
important  item  in  the  performance  of  the  wheel,  and  hence  the 
useful  effect  secured  is  never  equal  to  the  work  of  the  water  due 
to  the  space  through  which  it  falls.  The  fraction  expressing 
the  percentage  of  useful  effect  derived  from  a  given  quantity  of 
power  expended  by  the  water  is  called  the  efficiency  of  the 
machine,  and  is  found  by  the  formula 

100  u       100  w  h 

m  =    =   

M  w  II 

  m  w  H 

100 

where  m  is  the  efficiency  of  the  machine  per  cent. ;  u  the  work 
of  the  water  employed  per  minute,  or  the  weight  w  of  the 
water  in  pounds  multiplied  by  the  fall  H  in  feet,  measured  from 
the  surface  of  the  water  in  the  pentrough  to  that  in  the  tail-race; 
it  the  useful  effect  of  the  machine,  or  the  pressure  p  in  pounds 
moved  by  the  working  point  of  the  machine,  multiplied  by  h,  the 
space  in  feet  through  which  this  point  is  moved  per  minute, 
or  the  number  of  pounds  raised  one  foot  high  by  the  machine 
per  minute.  In  ordinary  overshot  water  wheels,  the  useful  effect 
amounts  to  about  60  per  cent,  of  the  power;  or  a  supply  of  12 
cubic  feet  of  water  per  second  will  give  one-horse  power  for  every 
foot  of  fall.  In  the  improved  iron  high-breast  wheels,  as  I  have 
been  in  the  habit  of  constructing  them,  the  efficiency  amounts 
to  75  percent.,  in  which  case  108  cubic  feet  of  water  per  second 
will  give  one-horse  power  per  foot  of  fall.  This  is  about  a 
maximum  effect  for  water  machines,  and  hence  the  improved 
high-breast  wheel  may  be  considered  as  nearly  perfect  as  a 
water  machine. 

The  waste  of  water  from  spilling  may  to  a  certain  extent 
be  reduced  by  decreasing  the  opening  of  the  buckets,  but  with 
the  disadvantage  of  at  the  same  time  increasing  the  difficulty 
of  the  exit  of  the  water  at  the  bottom  of  the  wheel,  and  of  its 
entrance  at  the  summit.  The  waste  may  be  further  lessened 
in  an  important  degree  by  increasing  the  breadth  of  the  wheel 
and  the  capacity  of  the  buckets,  but  in  general  it  is  not  ad- 
visable that  the  buckets  should  ever  be  more  than  two-thirds 
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filled  with  the  average  supply  of  water.  The  buckets  then  reach 
a  much  lower  position  before  they  begin  to  discharge  than  when 
they  have  been  nearly  filled.  The  third  means  of  preventing 
the  spilling  of  the  water  is  by  a  curved  breast  fitting  closely  to 
the  wheel,  as  shown  in  fig.  112,  g  g,  and  serving,  when  accu- 
rately fitted,  to  retain  the  water  on  the  buckets.  With  low 
falls  this  breast  is  of  considerable  importance,  and  secures  a 
considerable  increase  of  efficiency.  But  with  large  wheels  for 
high  falls,  with  small  openings  in  the  buckets,  it  is  of  no  value, 
and  does  not  compensate  for  its  cost  when  the  buckets  are 
made  of  the  best  form,  so  as  to  retain  the  water  as  long  as 
possible  upon  the  wheel ;  and  in  these  cases  the  breast  is  in- 
variably dispensed  with. 

The  Pitch-back  Wheel. — The  most  important  modification  of 
the  old  overshot  wheel  is  known  as  the  pitch-back  wheel, 
in  which  the  course  of  the  current  of  water  is  reversed  in 
the  pentrough,  and  laid  on  the  wheel  from  the  same  side  at 
which  it  approaches.  In  old  wheels  it  was  essential,  as  the 
wheel  generally  worked  more  or  less  frequently  in  back-water, 
that  the  tail-race  should  always  lie  in  the  same  direction  as  the 
revolution  of  the  wheel.  Hence,  when  the  position  of  the 
waste  water  culvert  was  fixed  by  other  circumstances,  it  often 
happened  that  the  millwright  was  driven  to  the  use  of  the 
pitch-back  wheel  to  meet  the  conditions  of  the  case,  and  the 
advantages  of  this  form  of  wheel  were  thus  forced  on  his  notice. 
It  was  perceived  that  by  increasing  the  diameter  of  the  wheel 
the  water  might  be  laid  on  at  a  distance  from  the  summit,  and 
it  was  shown  theoretically  that  a  larger  useful  effect  would  be 
secured  by  laying  it  on  at  about  25°  to  30°  from  the  summit 
than  if  it  took  the  water  over  the  top.  And  in  this  way,  when 
the  introduction  of  iron  gave  sufficient  facility  for  the  construc- 
tion of  wheels  of  large  diameter,  the  high-breast  wheel  was 
adopted,  and  has  maintained  its  ground  to  the  present  time  as 
one  of  the  most  perfect  and  economical  machines. 

Direction  of  Tail-race. — It  is  no  longer  necessary  that  the 
flow  of  the  tail-water  should  be  in  the  direction  of  the  wheel's 
revolution.  On  the  contrary,  I  frequently  take  it  in  the  oppo- 
site direction  or  at  the  side,  according  as  the  circumstances  of 
the  case  determine  the  position  of  the  wheel  and  the  point  of 
discharge.  The  old  plan  of  setting  the  wheel  parallel  with  the 
stream  is  no  longer  requisite  provided  proper  care  is  taken  to 
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give  a  sufficient  outlet  to  the 
water.    To  effect  that  object 
it  is  essential  to  sink  the  bot- 
tom of  the  tail-race  two  or 
two  and  a  half  feet  beneath 
the  bottom  of  the  wheel,  and 
that  depth  should   be  con- 
tinued to  the  river,  so  as  to 
form  the  tail-race  into  a  canal 
with  the  water  flowing  gently 
and  with  a  comparatively  slow 
motion  from  the  wheel.  In 
this  arrangement  the  bottom 
of  the  wheel,  when  standing 
in  an  ordinary  condition  of 
the  river,  is  8  or  9  inches 
*  above  the  water  in  the  tail- 
race,  so  that  its  motion  cannot 
be  impeded,  and  there  is  left 
ample  space  for  the  rise  oc- 
casioned by  the  continuous 
discharge  from  the  buckets 
during  the  working  of  the 
wheel.     To  show   how  im- 
material is  the  direction  of 
the  tail-race,  I  may  add  that 
I  have  in  some  cases  formed 
the  tail-race  into  an  under- 
ground tunnel,  in  the  shape 
of  an  inverted  syphon.  Fig. 
114  shows  this  arrangement 
as  adopted  for  a  mill  in  1832, 
to  secure  an  increase  of  fall : 
a  shows  the  wheel  and  wheel 
house,  in  which  originally  the 
wheel  was  24  feet  in  diameter, 
the  fall  22  feet,  and  the  tail- 
water  conveyed  direct  into  the 
river  Eagley,  at  b.  When  re- 
placing this  wheel  by  a  new 
one,  it  was  found  that  by 
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taking  advantage  of  a  bend  in  the  river,  and  conveying  the  tail- 
water  to  c,  an  increase  of  about  6  feet  of  fall  could  be  obtained. 
Hence  a  wheel  32  feet  in  diameter  was  adopted,  with  a  fall  of 
28  feet;  and  for  the  tail-race  a  tunnel  d  d  was  constructed, 
nearly  a  quarter  of  a  mile  long,  and  passing  under  the  bed  of 
the  river  at  b,  so  as  to  meet  the  stream  on  the  other  side  of  the 
field  at  c.  The  substratum  being  composed  of  hard  rock  and 
shale,  afforded  every  facility  for  the  drifting  of  the  tunnel,  and 
when  complete,  the  flow  of  water  through  it  was  so  exceedingly 
sensitive,  that  only  a  few  gallons  falling  from  the  wheel  into 
the  trumpet  mouth  at  a,  immediately  caused  a  perceptible  dis- 
charge into  the  river  at  o,  at  a  distance,  already  stated,  of  nearly 
a  quarter  of  a  mile.  The  perfect  success  of  this  arrangement 
caused  its  adoption  in  other  cases,  where  the  conditions  were 
favourable  for  carrying  it  out. 

The  Catrine  High-breast  Wheels. — Plates  I.  and  II.  illustrate 
the  construction  of  the  improved  iron  high-breast  wheel  as 
applied  at  the  Catrine  Works  in  Ayrshire,  between  the  years 
1825  and  1827,  on  a  fall  of  18  feet.  Taking  into  consider- 
ation the  height  of  the  fall,  these  wheels,  both  as  regards  their 
power  and  the  solidity  of  their  construction,  are  even  at  the 
present  day  among  the  best  and  most  effective  structures  of 
the  kind  in  existence.  They  have  now  been  at  work  upwards 
of  thirty  years,  during  which  time  they  have  required  little  or 
no  repairs,  and  they  remain  nearly  as  perfect  as  when  they  were 
erected. 

It  was  originally  intended  to  erect  four  of  these  wheels  at 
the  Catrine  Works,  but  only  two  have  been  constructed.  Pre- 
parations were  made,  however,  for  receiving  two  others  in  the 
event  of  an  enlargement  of  the  reservoirs  in  the  hill  districts, 
and  more  power  being  required  for  the  mills.  This  extension 
has  not  as  yet  been  wanted,  as  these  two  wheels  are  working  to 
240-hor8es  power,  and  are  sufficiently  powerful,  except  in  very 
dry  seasons,  when  they  are  assisted  by  auxiliary  steam  power, 
to  turn  the  whole  of  the  mills. 

Plate  I.  is  a  plan  of  the  wheel  house,  showing  the  position 
of  the  wheels,  and  the  arrangement  of  the  main  gearing.  The 
first  pair  of  wheels  is  shown  in  section,  to  exhibit  the  main  axle, 
arni3,  braces,  spur  segments,  and  pinions.  The  other  pair  are 
shown  in  plan,  one  exhibiting  the  buckets,  and  five  rows  or 
bucket-stays,  while  the  pentrough,  sluice,  and  regulating  gear 
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are  shown  on  the  other.  It  will  be  seen  that  the  motion  of 
each  pair  of  wheels  is  transmitted  through  a  common  pinion 
shaft,  and  thence  by  another  pinion  and  spur  wheel,  by  which 
the  velocity  is  increased  to  the  first  motion  shaft  of  one  mill, 
whilst  between  the  two  pairs  of  wheels  there  is  the  first  motion 
shaft  of  another  mill  geared  into  the  preceding  shaft  by  a  pair 
of  large  bevel  wheels. 

Plate  II.  is  an  elevation  of  the  wheel  house,  with  the  masonry 
for  supporting  the  wheels,  tail-race,  tunnel,  &c.  The  right  half 
of  the  wheel  is  shown  in  section,  and  the  left  half  in  elevation, 
and  there  is  a  section  of  the  pentrough,  sluice,  and  plates,  to 
guide  the  water  into  the  buckets. 

The  following  are  the  references  to  the  different  parts  of  the 
wheel : 

A,  main  axis. 

a  a  a,  arms.  e,  segments. 

b  b  b9  braces.  d,  joints  of  segments. 

b,  pentrough. 

e,  sluice  with  racks.  /,  pinion  connected  with 

governor. 

c,  tunnel  running  through  the  wheel  house,  and  acting  as 

the  tail-race. 

d,  pinion  gearing  into  internal  segmental  spur  wheel  on 

shrouds. 

e,  wheel  on  the  same  axis  as  d,  and  communicating  the 

power  to  the  pinion  p  on  the  first  motion  shaft. 

o,  galleries  to  obtain  access  to  the  pentrough  and  other 
parts  of  the  wheel. 

The  water  is  brought  from  the  reservoirs  in  a  tunnel  10  feet 
in  diameter,  through  the  hill  part,  and  thence  in  a  conduit  12 
feet  wide,  and  5  feet  deep,  arched  over.  The  reservoirs  cover 
120  Scotch  acres,  of  an  average  depth  of  8  or  10  feet,  giving 
storeage  room  for  a  large  supply  of  water;  and  the  sill  of 
the  reservoir  sluice,  from  which  the  aqueduct  bottom  is  carried 
level  to  the  pentrough,  is  16  inches  above  the  lowest  overflow  of 
the  sluice  on  the  wheel ;  hence  in  dry  seasons  the  water  may  be 
drawn  off  to  within  16  inches  of  the  bottom  of  the  lade.  At 
the  same  time  the  pentrough  is  made  of  a  depth  of  6  feet,  in 
order  that  in  seasons  of  plentiful  supply  the  water  may  be 
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drawn  off  at  the  highest  level,  and  the  entire  fall,  as  far  as 
possible,  rendered  effective. 

The  total  supply  of  water  requisite  to  work  the  mills  when 
the  wheels  were  started  was  about  60  tons  or  2,150  cubic  feet 
per  minute,  the  wheels  revolving  at  a  circumferential  velocity 
of  4  feet  a  second,  or  182  buckets  passing  each  sluice  per 

2  150 

minute.    This  gives  — L__-  =  5-9  ft.  or  6  cubic  feet  of  water 

lo2  x  2 

nearly  for  each  bucket  of  the  wheels.    The  whole  capacity  of 

each  bucket  is  17|  cubic  feet;  hence,  when  thus  working  the 

buckets  were  just  one-third  filled. 

When  working  to  their  full  power  of  240  horses,  however, 

the  fall  being  48  feet,  this  pair  of  wheels  would  require 

100  x  33,000  x  240     OQ  0  .        „     .  .  . 

 '  i/v  —  =98-2  tons  of  water  per  minute, 

7o  x  2,240  x  48  r 

if  we  suppose  the  useful  effect  to  be  75  per  cent,  of  the  water 

power  expended.    Now  if  we  take  the  circumferential  velocity 

at  5  feet  per  second,  at  which  the  wheel  should  then  run,  this 

7*7  10 

would  give  7' 7  cubic  feet  of  water  per  bucket,  or         =  ^ 

or  one-half  nearly,  as  the  ratio  of  the  quantity  of  water  in  the 
buckets  to  their  capacity. 

Between  these  limits  these  water  wheels  act  effectively  and 
economically. 

a/ 

The  wheels  are  50  feet  in  diameter,  10  feet  6  inches  wide 
inside  the  bucket,  and  15  inches  deep  on  the  shroud ;  the 
buckets  are  120  in  number,  and  have  an  opening  of  6  inches; 
the  internal  spur  segments  are  48  feet  6  inches  diameter,  3| 
inches  in  pitch,  15  inches  broad,  and  have  560  teeth.  The 
pinions  are  the  same  width  and  pitch,  and  are  5  feet  6  inches 
in  diameter.  The  intermediate  wheel  between  the  pair  of 
segment  pinions  is  18  feet  8J  inches  in  diameter,  16  inches 
broad,  and  inches  pitch ;  and  the  large  bevel  wheels  are 
7  feet  in  diameter,  3 J  inches  pitch,  and  18  inches  broad  on  the 
cog,  so  as  to  be  of  sufficient  strength  to  convey,  if  necessary, 
the  united  power  of  the  four  water  wheels. 

When  viewed  from  the  entrance,  the  two  wheels  already 
completed  have  a  very  imposing  effect,  from  their  elevation  on 
stone  piers.  And  as  the  whole  of  the  cisterns,  sluices,  winding 
apparatus,  galleries,  &c,  are  considerably  elevated,  they  are 
conveniently  approached  in  every  part.    Under  the  wheels 
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there  is  a  capacious  tunnel,  terminating  at  a  considerable  dis- 
tance down  the  river  and  conveying  away  the  tail- water  from 
the  wheels. 

Table  of  Speed. 

Water  wheel  50  ft.  0  in.  =  1*5  revolutions  =  4  ft.  per  second. 

Diameter.        Revs.  Diameter.  Rev*. 

Segments,  48  ft.  6   in.  and   15  into  wheel  5  ft.  6  in.  - 18*3  of  shaft 
Wheels  A,  J  8  ft.  3 J  in.  and  13-3  into  pinion  5  ft.  6  in. -44  of  main  shaft  to  mill. 
Wheels  B,   7  ft.  0  in.  and  44    into  wheel  7  ft  0  in.  =  44  of  shaft  to  new  mill. 
Wheels  S,  5  ft.  0  in.  and  44    into  wheel  4  ft.  0  in.  =  63  of  upright  in  new  mill. 

The  journals  of  the  main  axes  of  the  water  wheels  and  of  the 
pinion  shafts  are  14  inches  in  diameter.  The  first  motion  shafts 
are  1 3£  inches  in  diameter,  and  of  an  average  length  between 
the  couplings  of  10  feet. 

The  maximum  fall  may  be  estimated  at  48  feet  9  inches. 
The  distance  from  the  bottom  of  the  wheel  to  the  floor  of  the 
tail-race  is  3  feet  6  inches,  the  average  depth  of  tail-water 
2  feet,  and  the  distance  from  the  floor  of  the  tail-race  to  the  level 
of  the  water  in  the  reservoirs  is  50  feet  9  inches. 

I  have  been  more  particular  in  describing  these  wheels,  as 
they  are  the  first  erected  upon  the  principle  of  concentration 
and  combined  action.  In  former  cases  it  had  been  the  custom 
to  erect  the  wheels  near  where  the  work  was  required,  so  that 
it  was  not  unusual  to  have  three  or  four  wheels  at  a  short 
distance  from  each  other,  working  independently.  This  was 
the  case  at  the  Catrine  Works  before  the  large  wheels  were 
erected.  It  was  found  desirable,  however,  in  extending  the 
works,  to  have  the  whole  power  concentrated  in  one  wheel  house, 
with  a  uniform  fall,  so  as  to  simplify  the  transmission  of  the 
power  to  the  different  parts  of  the  mills.  This  was  effected  in 
the  manner  already  described  with  great  success,  and  the  result 
has  been  a  continuous  and  efficient  supply  of  power  from  1827 
to  the  present  time. 

Immediately  following  the  erection  of  the  Catrine  wheels, 
those  of  Deanston,  belonging  to  the  same  proprietary,  were 
commenced.  The  Deanston  Works  were  designed  upon  a  much 
larger  scale  than  even  those  at  Catrine,  as  it  was  intended  to 
erect  eight  powerful  water  wheels  instead  of  four,  as  in  the 
works  in  Ayrshire.  The  Deanston  works  were  erected  with 
two  water  wheels  in  the  bottom  room  of  the  factory  about  the 
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year  1780,  and  came  into  the  hands  of  their  present  proprietors 
about  1798  or  1800.  After  the  completion  of  the  alterations  in 
Ayrshire,  a  similar  concentration  of  the  power  was  desired  for 
Perthshire,  and  I  was  requested  to  prepare  both  for  a  renewal 
of  the  old  wheels  and  the  erection  of  new  ones  on  a  larger  and 
more  comprehensive  scale.  In  obedience  to  these  instructions, 
an  entirely  new  site  was  selected  for  the  water  power,  close  to 
the  old  mills  on  the  river  Teith,  and  provision  made  for  an 
increased  fall,  and  an  improved  application  of  the  water  power. 

Fig.  115. 


 260.  0 


The  new  wheels  as  then  designed  were  eight  in  number, 
and  were  placed  together  in  a  rectangular  building  adjoining 
the  old  mill,  but  arranged  to  afford  power  to  an  entirely  new 
establishment  surrounding  the  wheel  house  according  to  the 
annexed  plan  (fig.  115),  in  which  the  centre  building  a  is  the 
wheel  house,  and  the  buildings  bbbb,  surrounding  it  on  all 
four  sides,  and  three  stories  in  height,  contained  the  machinery 
driven  by  the  wheels.  From  this  design  it  will  be  seen  how 
the  power,  amounting  to  800  horses,  was  given  out  on  each 
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side  by  the  shafting  a  a  a  a,  radiating  from  the  centre  of  the 
wheel  house,  at  right  angles  to  the  mills  on  every  side.  Another 
shaft  was  extended  in  an  underground  tunnel  to  the  old  mill, 
where  it  still  gives  motion  to  the  machinery  in  that  portion  of 
the  works. 

It  is  much  to  be  regretted  that  this  design  was  never  carried 
out  in  its  integrity;  but  the  late  Mr.  James  Smith,  so  well 
known  as  the  inventor  of  the  subsoil  plough  and  many  other 
ingenious  contrivances,  altered  the  plans  after  having  raised  one 
side  of  the  new  mill  to  a  height  of  one  story,  when  unfortunately 
it  was  abandoned  for  a  much  less  convenient  and  less  perfect 
structure. 

As  respects  the  water  wheels,  the  first  two  were  erected  by 
myself— then  in  partnership  with  my  much  respected  friend, 
Mr.  James  Lillie— and  the  last  two  by  Mr.  Smith,  who,  with 
the  Cotton  Mills,  has  since  carried  on  considerable  engineering 
works.  The  remainder  have  never  been  erected.  There  were, 
however,  several  novelties  in  the  arrangement  of  these  wheels 
which  it  may  be  desirable  to  describe  at  greater  length.  The 
river  Teith  is  the  principal  feeder,  and  falls  into  the  Forth 
about  a  mile  above  Stirling.  The  supply  in  ordinary  seasons  is 
about  260  cubic  feet  per  second,  and  for  many  months  in  the 
year  more  than  double  that  quantity.  The  original  fall  was 
about  1 8  feet ;  but  by  the  erection  of  a  weir  higher  up  the 
stream,  and  the  construction  of  a  canal  three-quarters  of  a  mile 
long,  it  was  increased  to  33  feet,  so  as  to  afford,  except  in  very 
dry  seasons,  nearly  800  available  horses'  power.  Of  late  years 
this  has  been  increased  by  a  copious  supply  from  Loch  Venna- 
quar,  the  surface  of  which  has  been  raised  at  the  cost  of  the 
Corporation  of  Glasgow,  as  a  compensation  for  the  water  taken 
from  Loch  Katrine,  which  falls  into  the  Teith  for  consumption 
in  the  city.  From  Loch  Vennaquar,  therefore,  there  is  a  con- 
tinuous supply  at  all  seasons. 

The  augmentation  of  the  fall  from  18  to  33  feet  nearly 
doubled  the  power  for  the  mills,  and  also  the  supply  of  water 
which  was  conveyed  direct  from  the  weir  to  the  new  wheels  in 
the  rectangular  building.  The  water  flowed  into  a  wrought- 
iron  pentrough  a,  fig.  116,  supported  on  iron  columns,  and 
delivered  the  water  into  the  wheels  on  each  side.  The  wheels 
were  36  feet  in  diameter,  and  of  the  same  construction  as 
those  at  Catrine.    Those  on  one  side  of  the  pentrough,  d  d  d  d, 
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gave  off  their  power  by  an  internal  spur  gearing,  and  those  on 
the  other,  e  e  e  e,  by  an  external  spur  gearing  on  the  shrouds  of" 
the  water  wheels ;  the  shafts  carrying  the  pinions,  b  b,  gearing* 
into  the  water  wheel  segments,  carried  also  a  spur  wheel,  f  f9 
18  feet  diameter,  gearing  into  a  common  pinion  g.  This  last 
pinion  was  on  the  central  shaft,  a  a,  passing  along  the  centre 
of  the  wheel  house,  and  giving  off  motion  to  the  shafts  d  d  by 
the  bevel  wheels  k,  at  the  centre  of  the  wheel  house  (tig.  117). 

Water  wheel,  4-1526  ft,  circumferential  velocity  =  2-203  revolutions. 

Ft.  in.        Rev.  PL  in.  Rev. 

Segments,    33  8$  and  2  203  into  5    6  pinion  =  13  59  cross  shaft. 

Wheels  b  b,  18  ~\  and  13*59  into  5    6  pinion  =  45*3  of  main  shaft  to  mill. 

Wheels,        6  0   and  45-3    into  4    2$  wheel  =  65     of  upright  in  mill. 

It  will  be  observed  that  these  high-breast  wheels  have  the 
peculiar  advantage  of  permitting  the  use  of  a  sliding  or  folding 


Fig.  116. 


sluice,  for  the  admission  of  the  water,  which  can  be  adjusted  to 
a  very  variable  fall.  So  that,  at  whatever  height  the  water  may 
stand,  the  velocity  at  which  it  enters  the  wheel  will  be  the 
same,  because  it  falls  over  the  top  of  the  adjusted  sluice.  But 
with  this  advantage  they  are  apt  to  become  liable  to  the  defect 
of  admitting  the  water  with  too  much  difficulty,  a  defect  which 
was  remedied  by  the  principle  of  ventilation,  which  I  first  in- 
troduced in  the  year  1828,  under  the  following  circumstances : 

Ventilation  of  Water  Wheels. — Shortly  after  the  construction 
of  the  water  wheels  for  the  Catrine  and  Deanston  Works,  a 
breast  wheel  was  erected  for  Mr.  Andrew  Brown  of  Linwood, 
near  Paisley.    In  this  it  was  observed,  that  when  the  wheel 
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was  loaded  in  flood  waters,  each  of  the  buckets  acted  as  a  water 
blast,  and  forced  the  water  and  spray  to  a  height  of  6  or  8  feet 
above  the  orifice  at  which  it  entered.  This  was  complained  of 
as  a  great  defect,  and  in  order  to  remedy  it  openings  were  cut 
in  the  sole  plates,  and  small  interior  buckets  attached,  inside 
the  sole,  as  shown  at  b,  fig.  111.  The  air  in  the  bucket  made  its 
escape  through  the  openings  a,  a,  and  passed  upwards  as  shown 
by  the  arrow,  permitting  the  free  reception  of  the  water  from 

Pig.  117. 
(I 


the  pentrough.  The  buckets  were  thus  effectually  cleared  of  air 
as  they  were  filling,  and  during  obstruction  from  back-water  in 
the  tail-race  the  same  facilities  were  offered  for  its  readmission, 
and  the  free  discharge  of  the  water  from  the  rising  buckets. 
The  effect  produced  by  this  alteration  would  scarcely  be  credited, 
as,  in  consequence  of  the  freedom  with  which  the  wheel  received 
and  parted  with  its  water,  an  increase  of  power  of  nearly 
one-third  was  obtained,  and  the  wheel,  which  remains  as  then 

x  2 
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altered,  continues,  in  all  states  of  the  river,  to  perform  its  duties 
satisfactorily. 

This  difficulty  in  the  admission  of  the  water  had  often  been 
noticed  by  the  early  millwrights,  and  where  it  interfered  with 
the  working  of  the  wheel,  their  remedy  was  to  bore  holes  for 
the  escape  of  the  air  in  the  sole  plate  or  the  start  of  each 
bucket.  Thus,  in  his  *  Mechanical  Philosophy/  Dr.  Robison 
gives  a  similar  instance  to  that  of  Mr.  Brown ;  a  wheel  14  feet 
in  diameter  and  12  feet  wide  was  working  in  three  feet  of  back- 
water and  labouring  prodigiously ;  three  holes,  each  one  inch 
diameter,  were  made  in  each  bucket,  when  the  wheel  ceased  to 
labour,  and  its  power  was  increased  one-fourth.  The  objection 
to  holes  in  the  sole  plate  or  buckets  is  a  certain  spilling  of  the 
water  over  the  interior  of  the  wheel,  which  cannot  be  avoided. 
But  it  must  be  remembered  that  air,  being  800  times  rarer  than 
water,  will  escape  through  a  hole  at  least  thirty  times  faster  with 
the  same  pressure.  Hence,  the  area  for  the  escape  of  the  air 
may  be  made  very  much  smaller  than  the  opening  of  the  bucket. 

The  amount  of  power  gained,  and  the  beneficial  effects  pro- 
duced upon  Mr.  Brown's  wheel,  induced  the  adoption  of  the 
ventilating  principle  as  a  permanent  modification  of  construc- 
tion. The  first  wheel  thus  designed  was  erected  at  Wilmslow 
in  Cheshire,  and  was  started  in  1828.  It  was  identically  the 
same  with  that  shown  in  Plate  III.,  and  it  was  closely  followed 
by  a  further  improvement,  as  shown  in  Plate  IV. 

Close-bucketed  wheels  labour  under  great  disadvantages  when 
receiving  the  water  through  the  same  orifice  at  which  the  air 
escapes.  When,  as  is  frequently  the  case,  the  water  is  discharged 
upon  the  wheel  in  a  sheet  of  greater  depth  than  the  opening 
between  two  buckets,  the  air  is  thus  suddenly  condensed  in  the 
bucket,  and,  reacting  by  its  elastic  force,  throws  back  the  water 
upon  the  orifice  of  the  cistern,  and  thus  allows  the  buckets  to 
pass  imperfectly  filled.  A  similar  obstruction  occurred  when- 
ever the  wheel  worked  in  back-water,  the  water  being  lifted 
in  the  rising  buckets,  the  mouths  of  which  being  under  wa*er 
the  entrance  of  air  was  effectually  prevented  ;  and  the  deeper 
the  back-water  the  more  completely  they  filled  with  water  and 
the  greater  became  the  difficulty  in  discharging.  Many  mill- 
wrights to  remedy  this  were  in  the  habit  of  boring  holes  in  the 
sole  near  the  start  of  the  bucket,  and  of  narrowing  the  spout 
or  sluice  so  as  to  leave  room  on  each  side  of  the  buckets  for  the 
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escape  of  the  air — means  which  to  some  extent  remedied  the 
evil  of  the  spilling  and  sputtering  of  the  water,  but  in  most 
cases  occasioned  considerable  waste  of  power,  from  the  water 
being  driven  through  the  openings  and  falling  over  the  interior 
of  the  wheel. 

Other  remedies  have  been  attempted,  such  as  circular  tubes 
and  boxes  attached  to  the  sole  plates ;  but  these  plans  have  been 
generally  unsuccessful,  owing  to  the  complexity  of  their  structure 
and  the  inadequate  manner  in  which  they  attained  the  object 
contemplated.  In  fact,  in  wheels  of  this  description  it  has 
been  found  more  satisfactory  to  submit  to  acknowledged  defects, 
than  to  incur  the  trouble  and  expense  of  partial  and  imperfect 
remedies.  In  the  ventilated  wheels  about  to  be  described,  the 
perfect  escape  of  the  air  is  effected  by  very  simple  means,  and 
great  success  has  attended  their  application  in  situations  where 
interruptions  frequently  arise  from  excess  of  back-water  or  a 
deficiency  of  supply. 

Low-breast  ventilated  Wheel. — Plate  III.  represents  a  front 
and  side  view  of  a  water  wheel  with  ventilated  buckets.  Portions 
of  the  shrouding  and  segments  are  removed  in  order  to  show  a 
section  of  the  buckets,  and  the  position  in  which  they  receive 
the  water. 

a  is  the  axle  or  ribbed  shaft,  supporting  the  two  main  axes, 
c  c,  from  which  the  wheel  is  suspended  ;  b  b  are  the  projecting 
sockets  into  which  the  ends  of  the  malleable  arms  a  a  and  the 
diagonal  braces  b  b  are  keyed.  The  arms  are  2  inches,  and  the 
braces  lj  inches  in  diameter.  D  represents  .the  buckets,  with 
the  shuttle  which  regulates  the  admission  of  the  water,  and 
which  is  made  to  slide  downwards,  p  the  termination  of  the 
stone  breast,  and  e  the  tail-race.  This  wheel,  it  will  be  seen,  is 
arranged  as  a  low-breast. 

The  principle  of  the  construction  of  the  buckets  is  more 
clearly  shown  on  an  enlarged  scale  in  fig.  3,  Plate  III.,  the  sole 
plate  being  abandoned  and  the  bucket  plates  bent  round  and 
prolonged  upwards  so  as  to  overlap  one  another,  leaving  an 
opening,  indicated  by  the  arrows,  for  the  escape  of  the  inclosed 
air.  The  bucket  plates  are  connected  together  by  tubular 
ferules,  or  stays,  through  which  a  rivet  is  passed,  and  riveted 
on  each  side. 

The  wheel  should  always,  as  in  this  plate,  be  placed  above  the 
tail-water,  and  not,  as  in  the  older  forms  of  wheels  (fig.  112),  be 
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carried  down  to  the  level  of  the  tail-race  floor ;  and  the  breast 
of  wood,  iron,  or  stone,  but  usually  the  latter,  which  is  of  so 
much  importance  for  low  falls  in  retaining  the  water  on  the 
wheel,  should  break  off  about  ten  inches  from  the  extremity  of 
a  vertical  diameter  of  the  wheel.  In  fact,  the  benefits  of  this 
form  of  breast  and  tail-race  are  so  great,  that  they  should  be 
strictly  carried  out  where  it  is  desirable  to  make  effective  use 
of  the  fall. 

In  high-breast  wheels  of  25  feet  in  diameter,  and  upwards, 
the  breast  is  not  required,  as  the  buckets  having  narrower 
openings,  and  their  lips  extended  nearer  to  the  back  of  the  fol- 
lowing buckets,  retain  the  water  longer  on  the  wheel.  In  this 
case  the  loss  from  spilling  constitutes  too  small  a  percentage  of 
the  power  to  compensate  for  the  expense  of  a  lofty  and  close- 
fitting  breast.  In  some  cases  the  breasts  have  been  composed 
of  iron  and  wood,  but  in  the  best  constructed  they  are  of 
masonry,  and  allow  little  or  no  space  between  them  and  the 
wheels.  It  is,  however,  necessary  to  be  cautious  that  extra- 
neous matters  do  not  in  that  case  gain  admission  to  the  buckets, 
as  by  jamming  between  the  buckets  and  the  curb  they  might 
cause  disaster. 

The  preceding  statements,  so  far  as  relates  to  the  method 
of  ventilation,  have  been  principally  confined  to  the  form  of 
bucket  and  description  of  water  wheel  suitable  for  low  falls.  It 
will  now  be  necessary  to  describe  the  best  form  of  breast  wheels 
for  high  falls,  or  falls  of  from  one-half  to  three- fourths  of  the 
diameter  of  the  wheel. 

High-breast  ventilated  Wheel. — A  water  wheel  of  this  kind, 
constructed  for  T.  Ains worth,  Esq.,  of  Cleator,  near  White- 
haven, is  represented  in  Plate  IV.  It  is  20  feet  in  diameter, 
22  feet  wide  inside  the  bucket,  and  22  inches  deep  on  the 
shroud.  It  has  a  close  riveted  sole,  composed  of  No.  10  wire 
gauge  iron  plate,  and  the  buckets  are  ventilated  from  one 
to  the  other,  as  shown  on  a  larger  scale  in  fig.  3.  The  fall  is 
17  feet,  and  the  water  is  discharged  upon  the  wheel  by  a 
circular  shuttle,  a,  which  is  raised  and  lowered  by  a  governor 
as  circumstances  require.  By  this  arrangement  the  whole 
height  of  fall  is  rendered  available,  and  the  water  in  dry  sea- 
sons may  be  drawn  off  three  or  four  feet,  in  order  to  afford 
time  for  the  dam  to  fill  in  the  periods  during  which  the  mill 
is  stopped. 
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The  power  is  taken  from  each  side  by  two  pinions  working 
into  the  internal  spur  segments  b  b,  and  these  again  give  motion 
to  shafts  and  wheels  at  c  c,  which  communicate  with  the 
machinery  of  two  different  mills,  at  some  distance  from  each 
other. 

Arrangement  of  Gearing. — The  position  of  the  pinion,  or 
the  point  where  it  gears  into  the  spur  segments  on  the  water 
wheel,  whether  internal  or  external,  is  of  importance  in  every 
water  wheel,  but  pre-eminently  so  in  those  constructed  on  the 
suspension  principle,  which  are  indifferently  prepared  to  resist 
the  torsive  strain  to  which  they  would  be  subjected  if  the 
power  were  taken  from  the  unloaded  arc  of  the  wheel.  Water 
wheels  of  this  construction,  with  malleable  iron  rods  only 
two  inches  in  diameter  for  their  support,  could  not  resist  the 
strain,  but  would  twist  round  upon  the  axle,  and  destroy 
the  wheel. 

It  is  necessary,  therefore,  in  every  case,  to  take  the  power 
from  the  loaded  side  of  the  wheel,  as  near  the  circumference  as 
possible,  in  order  to  throw  the  weight  of  the  water  directly 
upon  the  pinion  without  transmitting  it  through  a  larger  arc  of 
the  wheel  than  is  absolutely  necessary.  For  this  purpose  the 
spur  pinion  should  be  below  the  centre  of  gravity  of  the  water 
on  the  wheel,  and  therefore  more  or  less  below  the  extremity 
of  the  horizontal  diameter. 

In  the  old  water  wheels,  where  the  power  was  generally  taken 
from  the  axle,  the  whole  of  the  force  passed  through  the  arms 
to  the  point,  and  afterwards  by  a  pit  wheel  by  some  multiplier 
of  speed  to  the  machinery  of  the  mill.  In  the  improved  wheels 
this  is  no  longer  the  case  :  the  arms,  braces,  and  axle  have  only 
to  sustain  the  weight  of  the  wheel,  and  to  keep  it  in  shape,  and 
the  power  being  taken  from  the  circumference,  considerable 
complexity  fa  avoided,  and  the  requisite  speed  far  more  easily 
obtained. 

Speed  of  Water  Wheels. — I  have  usually  made  breast  wheels 
for  high  and  low  falls,  with  a  velocity  between  4  and  6  feet 
per  second  at  the  periphery,  and  between  these  limits  water 
wheels  may  be  worked  with  economy.  But  for  a  minimum 
velocity  I  have  taken  3  feet  6  inches  per  second,  for  falls  of 
from  40  to  45  feet,  and  for  a  maximum  velocity,  7  feet  per 
second,  for  falls  of  5  or  6  feet.  The  higher  velocities,  namely, 
from  5  to  6  feet  per  second,  are  now  very  generally  adopted  for 
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the  best  constructed  wheels,  not  indeed  on  the  score  of  economy 
in  the  expenditure  of  water,  but  for  the  purpose  of  obtaining 
more  easily  the  requisite  speed  under  the  variable  conditions  of 
supply.  In  this  climate,  where  the  atmosphere  is  so  much 
charged  with  moisture,  the  rivers,  for  eight  months  in  the  year, 
generally  afford  an  ample  supply  of  water.  It  is  for  this 
reason  that  an  increased  velocity  is  given  to  the  wheel,  in  order 
to  increase  the  power  in  average  conditions  of  supply,  so  as  to 
work  off  the  surplus  rather  than  adapt  the  wheel  to  the  minimum 
expenditure.  It  would,  however,  be  advantageous  to  increase 
the  capacity  of  the  wheel,  and  work  at  a  velocity  of  4  feet,  or 
at  most  4  feet  6  inches  per  second. 

A  rea  of  opening  of  Bucket. — The  width  of  the  opening  of 
the  bucket  varies  according  to  the  point  at  which  the  water  is 
laid  on.  I  have  made  them  with  openings  as  low  as  4  inches 
wide  and  as  much  as  20  inches,  the  first  being  for  very  high- 
breast  and  the  latter  for  undershot  wheels,  but  ordinarily  the 
width  is  from  5^  to  8  inches  for  high-breast  and  from  9  to  12 
inches  for  low-breast  wheels.  In  this  matter  the  millwright 
nt ust  exercise  his  own  judgment,  taking  into  account,  1st,  the 
quantity  of  water  to  be  delivered  upon  the  wheel ;  2nd,  the 
position  on  the  circumference  at  which  the  water  is  to  be  de- 
livered, a  wider  opening  being  necessary  for  low-breast  than  for 
high ;  and  3rd,  he  must  consider  whether  the  circumstances  of 
the  case  in  any  degree  limit  the  width  of  the  wheel.  The 
width  of  the  opening  must  be  measured  perpendicularly  to  the 
direction  in  which  the  water  enters  the  wheel ;  thus,  in  fig.  104, 
a:  £  is  the  width  of  opening. 

For  high  falls,  the  best  proportion  of  the  area  of  opening  of 
the  bucket,  that  is,  the  width  multiplied  by  the  length  between 
the  shrouds,  is  found  to  be  such  that  5  square  feet  of  sectional 
area  of  opening  is  allowed  for  25  cubic  feet  capacity  in  the 
bucket.  But  in  breast  wheels  which  receive  the  water  at  a 
height  of  not  more  than  10  degrees  above  the  horizontal  dia- 
meter, 8  square  feet  should  be  allowed  for  the  same  capacity. 
With  these  proportions  the  depth  of  the  shrouding  is  assumed 
to  be  about  2  or  2£  times  the  width  of  the  opening. 

The  distance  of  the  buckets  apart,  measured  upon  the  ex- 
ternal periphery  of  the  wheel,  I  have  been  accustomed  to  make 
from  1  foot  to  1  foot  6  inches,  low-breast  being  somewhat  fur- 
ther apart  in  general  than  high-breast.    This  proportion  fixes 
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the  number  of  buckets  in  the  wheel  according  to  the  followi 
table  : 


No.  of  Bt 

For  wheels  10  feet  diameter,  from  20  to 

30 

20 

»» 

»» 

40  n 

60 

.",0 

»» 

»» 

60  „ 

!H) 

40 

»» 

»t 

88  „ 

120 

„ 

»» 

♦» 

120  „ 

150 

80 

»» 

n 

130  „ 

180 

Fig.  i  is. 


In  setting  out  the  curve  of  the  water  wheel  bucket  in  breast 

wheels,  a  line  a  b  may  be  drawn  cutting 

the  external  periphery  of  the  shroud  at 

the  point  and  in  the  direction  in  which 

it  is  intended  that  the  water  shall  strike 

the  wheel  after  passing  the  guide  plates 
of  the  pentrough  sluice.    If  we  then 
measure  a  distance  c  equal  to  the  distance 
of  the  buckets  apart,  and  from  the  centre 
e  draw  the  radius  d  e,  the  line  a  b  will 
be  nearly  the  direction  of  the  lip  of  the 
bucket  and  c  d  the  direction  of  its  start, 
and  the  curve  must  be  drawn  connect- 
ing these  lines  according  to  the  judg- 
ment of  the  millwright,  making  some  allowance  for  the  velocity 
of  the  wheel. 

The  Shuttle. — The  shuttle  of  these  wheels  requires  a  slight 
notice.  The  front  of  the  pentrough  is  of  cast  iron,  in  the  form 
of  an  arc  closely  fitting  the  periphery  of  the  wheel,  with  an  open- 
ing extending  from  side  to  side  for  the  passage  of  the  water  to  the 
buckets.  This  opening  is  made  of  such  a  breadth  and  is  placed 
in  such  a  position  that  when  the  water  in  the  pentrough  is 
highest  it  will  flow  upon  the  wheel  near  the  top,  and  when  the 
water  is  lowest  it  will  still  be  able  to  enter  the  buckets  near  the 
bottom.  This  opening  is  then  fitted  with  inclined  guide  plates, 
arranged  so  as  to  prevent  the  water  in  entering  striking  against 
the  sole  plate  or  the  back  of  the  succeeding  bucket.  Over  the 
guide  plat  es  is  a  door,  or  closely  fitting  sluice,  which  slides  up  or 
down,  according  to  the  height  of  the  water  in  the  pentrough, 
so  as  to  admit  a  thin  sheet  of  water  flowing  over  its  upper  edge 
through  the  guide  plates  into  the  buckets  of  the  wheel.  By 
this  arrangement  it  will  be  seen  that  the  water  is  always  drawn 
off  at  its  highest  level  and  the  fall  economised  to  the  utmost 
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extent.  Racks  are  fitted  to  the  back  of  the  sluice  with  pinions, 
by  which  its  position  is  altered,  and  the  quantity  of  water  flow- 
ing on  the  wheel  adjusted. 

In  the  Catrine  wheel,  Plates  I.  and  II.,  the  pentrough 
consists  of  cast-iron  plates  bolted  together  and  resting  on 
beams  supported  on  one  side  by  the  wall  of  the  wheel  house 
and  on  the  other  on  columns. 

Figs.  119  and  120  represent  the  water-wheel  governor,  a  very 
ingenious  arrangement,  similar  in  principle  to  that  of  the  steam 
engine,  but  adapted  in  its  details  to  a  different  purpose.  It 
consists  of  two  heavy  balls  which  in  revolving  take  a  position 
further  apart  or  nearer  together,  according  to  the  velocity  at 
which  they  are  driven.  These  balls  are  swung  upon  the  vertical 
revolving  shaft  »  *  supported  in  the  strong  cast-iron  framing 
aaa.  Two  cast-iron  brackets  b  b  on  either  side  of  the  frame, 
and  bolted  to  it,  support  between  them  a  bridge  c  c,  passing 
over  the  driving  shaft  and  clutch  box,  on  which  the  shaft  *  s 
rests  in  a  foot  step.  This  vertical  shaft  is  driven  by  the  bevel 
wheels  p  and  o,  the  former  of  which  is  keyed  on  the  driving 
shaft  6,  which  is  hollow,  to  allow  the  shaft  a  a  connected  with 
the  gearing  of  the  sluice  to  pass  through  it.  A  third  bevel 
wheel  H,  is  also  placed  on  a  hollow  shaft,  and  is  driven  by  the 
bevel  wheel  o,  revolving  of  course  in  an  opposite  direction  to 
the  first  wheel  P. 

The  governor  balls  with  the  radial  arms  and  slotted  arcs  ff 
are  of  the  construction  usual  in  steam  engines,  but  the  links  1 1 
carry  a  brass  slide  c  c,  so  that,  as  the  governor  balls  diverge,  this 
slide  is  drawn  up  along  the  vertical  shaft,  and  as  they  approach 
it  falls.  On  the  slide  is  fixed  the  eccentric  cam  d,  shown  also 
in  fig.  122  as  seen  in  plan.  This  cam  of  course  revolves  simul- 
taneously with  the  slide,  balls,  and  vertical  shaft  *  *.  Attached 
to  the  bracket  b  on  one  side  of  the  framing  is  a  bent  lever 
g  q  g  carrying  at  its  upper  extremity  a  fork  e  e,  and  near  the 
bottom  a  similar  fork  placed  vertically,  h,  fig.  121.  The  upper 
fork  is  moved  by  the  revolving  eccentric  d,  the  lower  fork 
moves  a  clutch  box  which  slides  backwards  and  forwards  on 
the  shaft  a  a,  and  engaging  alternately  with  the  bevel  wheels 
h  and  p.  When  the  motion  of  the  wheel  becomes  too  slow 
the  balls  fall  and  bring  the  cam  d  in  contact  with  the  knee  of 
iron  n  in  the  upper  fork  e  e ;  this  causes  the  clutch  d  d  to  be 
thrown  into  gear  with  the  bevel  wheel  H,  and  the  clutch  being 
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keyed  so  as  to  slide  on  the  shaft  a  a,  causes  that  also  to  re- 
volve and  the  sluice  or  shuttle  to  be  lowered.  On  the  contrary, 
when  the  motion  of  the  wheel  is  too  rapid,  the  balls  diverge, 
the  cam  d  is  raised  and  strikes  the  upper  knee  m ;  the  clutch 
is  then  thrown  into  gear  with  p ;  the  shaft  a  a  revolves  in  the 
opposite  direction  and  causes  the  shuttle  to  be  raised.  At  other 
times,  when  the  motion  does  not  require  adjustment,  the  clutch 
is  disengaged  from  both  wheels  and  the  whole  of  the  winding 
apparatus  is  stationary. 

This  arrangement  of  governor  is  exceedingly  compact  and 
effective,  and  a  great  improvement  on  the  original  condition  in 
which  I  first  found  it,  with  rollers  and  reversing  pulleys.  It  is 
free  from  the  objection  to  which  those  governors  are  open 


Fig.  121.  Fig.  121'. 


which  directly  bring  the  sluice  gearing  into  operation  and 
retain  it  so  by  their  momentum. 

As  examples  of  the  speed  at  which  this  part  of  the  machinery 
is  worked,  I  subjoin  a  few  examples  that  are  working  success- 
fully : 

Governor  shaft,    .       .    36  revolutions  per  minute. 
Rack  shaft,  from  0*0314  to  0*058  revolutions  per  minute. 

There  is  usually  a  worm  on  the  shaft  a  a,  working  into  a 
wheel  on  a  cross  shaft;  on  the  cross  shaft  a  second  worm 
working  into  a  wheel  on  the  rack  shaft;  and  a  small  pinion 
8  inches  in  diameter  on  the  rack  shaft  gears  into  the  rack  upon 
the  sluice.  This  rack  should  be  jointed  to  the  sluice  at  the 
middle,  and  should  be  of  such  a  length  that  the  rack  shaft  and 
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pinion  can  be  placed  out  of  water  above  the  pentrough.  But 
the  details  of  the  gearing  and  shafting  by  which  the  motion  of 
the  governor  is  transmitted  to  the  sluice  vary  with  the  posi- 
tion of  the  governor  and  the  circumstances  of  each  particular 
locality,  and  they  must  therefore  be  left  to  the  millwright's 
own  judgment.  Only  it  is  important  to  observe  that  the  motion 
of  the  sluice  should  in  everv  case  be  slow,  as  in  the  above  ex- 
amples,  or  the  acceleration  or  retardation  in  the  supply  of  water 
will  cause  an  irregular  motion  first  faster  and  then  slower  in  the 
wheel — conditions  inadmissible  where  machinery  is  employed. 

In  designing  a  water  wheel  the  first  important  consideration 
is  the  height  of  the  fall ;  this  taken  in  conjunction  with  the 
intended  outlav  will  fix  the  diameter  of  the  wheel.  We  must, 
next  determine  the  form  of  bucket  as  already  detailed.  Then 
the  quantity  of  water  per  second  in  cubic  feet  must  be  ascer- 
tained, and  this  will  determine  the  necessary  capacity  of  the 
bucket  and  the  consequent  breadth  of  the  wheel.  Hero  we  have 
to  consider  also,  1st,  that  the  bucket  is  not  to  be  more  than 
one-third  or  one-half  filled  ;  and,  2nd,  the  rate  of  revolution  of 
the  wheel  which  determines  the  number  of  buckets  passing  the 
shuttle  per  second  (p.  134.) 

Suppose  a  wheel,  having  5  feet  peripheral  velocity  per 
second,  supplied  with  8,000  cubic  feet  of  water  per  minute,  and 
the  breadth  of  which  has  to  be  determined  so  that  the  buckets 
shall  be  only  one-half  filled  : 

Let  depth  of  shroud  =        ...  14  inches 

distance  between  buckets  =  .       .  14  inches 
section  of  water  in  bucket  when  full, 

at  the  pentrough  =  .       .       .  144  sq.  ins. 

Here  five  buckets  pass  the  sluice  per  second,  and  each  must 

contain  <  9    nrx  =  10  cubic  feet  of  water  per  second ;  but  they 
5  x  60 

are  to  be  only  one-half  filled  when  containing  this  quantity  of 
water,  hence  their  capacity  must  be  20  cubic  feet.  Their 
sectional  area  is  1  square  foot,  and  hence  20  feet  is  the  breadth 
necessary  for  the  wheel. 

The  table  on  pp.  142,  148,  of  the  proportions  of  water 
wheels  which  I  have  constructed,  ma}r  afford  aid  to  the  engineer 
and  millwright  designing  wheels,  in  their  adaptation  to  dif- 
ferent heights  of  falls,  quantity  of  water,  &c. 
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CHAPTER  IV. 

ON  THE  UNDERSHOT  WATER  WHEEL. 

Before  the  introduction  of  iron,  undershot  water  wheels  were 
frequently  employed,  and  were  in  almost  every  instance  con- 
structed with  straight  radial  floats,  as  in  the  annexed  sketch, 
the  water  being  discharged  against  the  float  boards,  as  it  rushed 
with  considerable  velocity  underneath  the  shuttle.  This  was 
the  invariable  practice  down  to  Smeaton's  time  even,  the  prin- 

Fig.  123. 


ciple  being  to  employ  the  impulse  of  the  fluid  stream,  and  not 
its  gravity  or  weight.  Indeed,  there  appeared  to  be  an  im- 
pression that  this  was  the  more  effective  and  economical  mode 
of  application,  and  probably  arose  out  of  the  circumstances 
of  the  original  employment  of  water  as  a  moving  power.  Tbe 
earliest  wheels  of  which  we  read  are  undershot  wheels  placed 
between  two  boats  in  a  flowing  stream,  and  driven  by  its  im- 
pulse ;  and  in  Smeaton's  own  time  the  works  for  the  supply  of 
water  to  London  obtained  their  power  from  some  magnificent 
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Fig.  124. 


examples  of  precisely  similar  wheels,  placed  in  the  tidal  stream 
rushing  between  the  clumsy  piers  of  the  old  London  Bridge. 

In  the  old  time  it  was  no  doubt 
an  advantage  to  have  the  prime- 
mover  working  at  a  considerable 
velocity,  and  an  overshot  wheel 
will  not  do  this  effectively.  Hence 
wheels  were  sometimes  built  of  the 
(  form  shown  in  fig.  124,  the  water 
being  carried  down  from  the  top 
of  the  fall  so  as  to  strike  the 
radial  floats  of  the  wheel  at  a  very 
high  velocity.  Such  a  wheel  is  described  in  Sineaton's  reports. 

The  earliest  great  advance  in  the  perfecting  of  the  water 
wheel  was  effected  mainly  by  Smeaton,  and  we  owe  to  him  the 
first  experimental  inquiries  on  the  effect  and  proper  velocity 
and  proportions  of  water  wheels.  In  all  the  various  applica- 
tions of  water,  experimental  researches  have  hitherto  been  the 
principal  means  of  advance,  and  in  no  department  has  more 
labour  and  talent  been  expended  in  such  inquiries ;  the  result 
is,  that  our  hydraulic  machinery  of  the  present  day  is  as  perfect, 
and  yields  as  high  a  proportion  of  the  power  to  the  actual  fall  of 
water,  as  we  can  ever  hope  to  obtain. 

In  my  own  practice  I  have  been  accustomed  to  employ  water 
even  for  very  low  falls,  solely  by  gravity,  using  the  arrangement 
already  described,  as  a  low- breast  wheel,  when  treating  of  ven- 
tilation, and  which  is  shown  in  detail  in  Plate  III.  This  wheel 
is  16  feet  in  diameter,  17  feet  6  inches  between  the  shrouds, 
and  is  adapted  to  a  fall  varying  from  5  to  8  feet,  according  to 
the  condition  of  the  river.  The  water  flows  into  the  wheel  at 
its  highest  level,  over  a  sliding  sluice  of  precisely  the  same 
construction  as  in  high-breast  wheels ;  it  is  retained  in  the 
buckets  to  the  bottom  of  the  fall,  by  the  cast-iron  and  stone 
breast  fitting  accurately  to  the  edges  of  the  buckets.  The  ad- 
vantages of  this  construction  are  manifest,  as  the  water  expends 
its  full  force  on  the  wheel  from  the  very  top  of  the  fall,  the 
buckets  being  well  ventilated,  and  having  a  curvature  adapted 
to  the  position  in  which  they  receive  the  water.  By  these 
means,  a  greatly  increased  duty  is  obtained  as  compared  with 
the  wheels  with  radial  floats  acted  upon  by  impulse  or  gravity, 
or  by  both.    Besides,  with  this  form  of  wheel,  the  spider  or 
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suspension  principle  of  construction  may  be  adopted,  and  the 
power  taken  off  at  once  from  an  internal  segmental  spur  wheel, 
placed  on  one  of  the  shrouds,  and  a  high  velocity  at  once  ob- 
tained, independently  of  multiplying  gear.  The  advantages  of 
this  form  of  construction  in  iron  wheels  are  very  great,  and, 
when  combined  with  an  economical  application  of  the  water, 
they  form  a  machine  probably  as  effective  as  any  which  can  be 
employed  for  falls  of  not  less  than  five  feet. 

Radial  float  wheels  constructed  of  wood  are,  however,  still 
in  use,  and  the  most  important  directions  in  respect  to  these 
appear  to  be  to  make  the  depth  ot  the  floats  large,  as  compared 
with  the  thickness  of  the  lamina  ot  water  which  strikes  them ; 
to  place  the  sluice  as  close  as  practicable  to  the  floats ;  to  con- 
tract somewhat  the  aperture  of  the  sluice,  and  to  expand  the 
tail-race  immediately  beyond  the  vertical  plane  passing  through 
the  axis,  to  allow  the  water  escaping  from  the  floats  to  diffuse 
itself  in  the  tail-race,  and  pass  freely  away.  These  directions, 
with  the  following  practical  formula  for  fixing  the  diameter  of 
the  wheel,  we  have  from  the  dissertation  on  water  wheels  in 
the  *  Engineer  and  Machinist's  Assistant.' 

Let  u  =  the  velocity  of  the  extremity  of  the  floats ;  n  the 
number  of  turns  desired  per  minute  ;  h  =  fall  in  feet.  Assume 
u  —  2*4  s/  h  for  a  maximum  effect,  then  the  diameter  ex- 
pressed in  terms  of  the  velocity  and  height  of  fall  will  be 
2*4  \/h  46 

19*1  x   =  —  \/  h  nearly.    Thus  supposing  the  height 

N  N 

of  fall  =  h  =  4  feet ;  number  of  turns  required  per  minute 

46 

=  n  ss  8  ;  then  the  diameter  =  —     <S  4  =?  11 J  feet  nearly. 

Twelve  to  twenty-five  feet  is  the  usual  range  of  diameter  for 
undershot  wheels,  and  the  same  writer  considers  12  to  16  feet 
to  be  the  most  effective ;  in  my  own  practice,  I  have  found 
from  14  to  18  feet  perform  the  best  duty.  Feathering,  or  in- 
clining the  floats,  does  not  appear  to  increase  the  useful  effect. 

4 

The  number  of  floats  is  usually  equal  to  |  d  +  12,  where  d  is 

o 

the  diameter  in  feet.  The  thickness  of  the  vein  of  fluid  striking 
the  floats  may  be  from  6  to  9  inches,  and  the  depth  of  the 
floats  from  18  inches  to  2  feet. 

M.  Poncelet,  one  of  the  first  authorities  on  Hydraulic  ma- 
chines, and  the  first  writer  on  Turbines,  has  contrived  a  very 

i-  2 
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important  modification  of  the  undershot  wheel,  which  has  been 
used  on  the  Continent  with  very  good  effect.  A  series  of  ex- 
periments led  him  to  the  conclusion  that  the  floats  should  be 
curved  instead  of  plane,  and  he  deduced  that  for  these  wheels 
the  velocity  which  gives  a  maximum  effect  was  equal  to  0*55 
the  velocity  of  the  current,  whilst  it  may  vary  from  0*5  to  0*6. 
He  found  the  dynamic  effect  to  vary  from  50  to  60  per  cent, 
of  that  of  the  water,  being  better  for  small  falls  with  large 
openings  at  the  bottom  of  the  flood  gate,  and  less  for  deep  falls 
with  small  openings. 

For  describing  the  curve  of  Poncelet's  floats,  let  c  c  be  the 
Fi   j  26  external  circumference,  and  a  r  the 

\       f     ;r     radius  of  the  wheel;  take  a  b  = 

\ '  V  i  t(>  i  the  fall>  *nd  draw  the 

\\  j         /  inner  circumference  of  the  shroud- 

/  ing;  let  the  water  first  strike  the 

*fs^jC^  bucket  at  the  point  a  and  in  the 

^•^^/^  direction  d  a,  draw  a  e  perpendi- 

*  V s/v  :  /   \  cular  to  d  a,  so  that  the  angle  ear 

.|  wiU  be  from  24°  to  28°*    Take  on 

j~  ^ '      a  e>f  $ =  i  af> anc^  fr°m  centre  9* 

^^h-,      with  radius  g  a,  describe  the  curve 
of  the  float. 

Fig.  126  represents  a  good  example  of  Poncelet's  wheel.  The 
width  of  the  opening  should  be  contracted  somewhat  towards 
the  wheel  so  as  to  assume  the  form  of  the  fluid  vein,  and  the 
bottom  may  be  at  first  inclined  TV  to  -fc  to  give  the  water  a 
greater  impetus  on  the  wheel,  but  over  a  breadth  of  18  or  20 
inches  at  the  extremity  it  should  be  made  to  a  curve  very 
accurately  fitting  the  periphery  of  the  wheel. 

So  also  the  tail-race  may  be  expanded  in  width  and  depth  to 
keep  the  wheel  clear  of  back-water.  The  buckets  are  made  of 
wrought  iron  of  the  requisite  curve,  riveted  to  the  shrouds  on 
each  side,  and  the  sole  plate  is  altogether  dispensed  with  ;  as  no 
resistance  is  opposed  by  the  air,  the  buckets  are  made  more 
numerous  than  in  breast  or  undershot  wheels,  and,  as  the  wheel 
carries  no  weight  of  water,  it  may  be  made  comparatively  light. 
For  the  number  of  buckets  for  wheels  of  from  10  to  20  feet  in 
diameter,  we  may  take 

n=i<*+16. 
5 
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Thus  for  a  wheel  15  feet  in  diameter 

n  =8x25+16  =  40 
5 


The  wheel  shown  in  the  figure  is  16  feet  8  inches  in  diameter, 
and  30  feet  wide,  and  is  driven  by  a  fall  6  feet  6  inches  high, 

Fig.  126. 


yielding  20,000  cubic  feet  per  minute.  With  a  circumferential 
velocity  of  11  or  12  feet  per  second,  it  afforded  140-horse  power. 
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This  wheel  gives  a  useful  effect  of  50  to  60  per  cent,  of  the 
water  power  employed  when  well  constructed,  and  may  be  used 
with  advantage  for  falls  not  greater  than  about  6  feet.  Above 
this  the  low-breast  wheel  is  certainly  more  advantageous  and 
costs  less. 

Poncelet  made  some  experiments  on  wheels  of  this  class,  with 
the  friction  break.  The  wheel  was  1 1  feet  diameter,  28  inches 
wide,  and  with  30  floats.  He  found  the  efficiency  equal  to 
52  per  cent*  when  the  ratio  of  the  velocity  of  the  wheel  to  the 
water  was  0-52.  Morin  has  also  experimented  on  these  wheels, 
and  for  falls  of  from  3  to  4£  feet,  with  sluice  openings  of  6,  8, 
10,  and  11  inches,  he  found  the  efiiciency  52,  57,  60,  and  62 
per  cent,  respectively.* 

*  In  a  conversation  with  General  Poncelet  on  this  suhject  I  found  that  the 
wheel  which  bears  his  name  gives  a  duty  of  nearly  60  per  cent,  of  the  water  em- 
ployed. This  is  about  the  same  as  my  own  wheel  with  ventilated  buckets  for  low 
falls,  where  the  sole  is  entirely  dispensed  with.  There  is,  however,  this  difference, 
namely,  that  in  the  Poncelet  wheel  the  water  is  discharged  upon  the  floats  from 
under  the  sluice ;  whereas,  in  that  of  the  ventilated  wheel,  it  is  discharged  into 
buckets  oter  the  sluice  from  the  upper  surface  of  the  fall. 
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CHAPTER  V. 

ON  TURBINES. 

It  will  be  impossible  in  the  present  work  to  enter  into  details 
on  the  theory  and  construction  of  the  immense  variety  of  prime- 
movers  known  under  the  name  of  turbines,  the  development  of 
the  principles  of  which  we  owe  chiefly  to  Continental  mathe- 
maticians. Two  varieties  of  horizontal  wheels  or  turbines  have 
long  been  employed  on  the  Continent,  which,  although  ill-devised 
and  ineffective,  yet  presented  evident  advantages  in  their  small 
size,  cheapness,  and  simplicity  of  construction.  These  are  known 
in  France  as  roues  a  cuves  and  rouets  volants,  the  former  being 
a  small  wheel  revolving  on  a  vertical  axis,  and  having  inclined 
curved  vanes  or  buckets  arranged  radially.  It  is  placed  in  a 
pit  so  that  the  water  passing  vertically  through  it  should  act  by 
pressure  and  reaction  on  the  buckets.  The  rouet  volant  differs 
from  this  in  having  the  water  applied  to  the  wheel  at  a  small 
part  only  of  the  periphery,  so  as  to  drive  the  wheel  by  impulse. 
These  wheels  of  from  8  to  5  feet  in  diameter  with  nine  to  twelve 
backets  are  usually  made  of  cast  iron,  and  fixed  upon  a  lever 
foot  bridge,  so  that  they  can  be  slightly  raised  or  depressed. 
The  running  millstone  is  fixed  on  the  upper  extremity  of  the 
vertical  axis,  so  as  to  obviate  the  use  of  any  gearing  or  belting. 
In  regard  to  efficiency,  the  roues  a  cuves  yield  about  27  per 
cent,  and  the  rouets  volants  about  30  to  40  per  cent,  of  the 
water  used. 

General  Poncelet  was  the  first  to  demonstrate  the  principle 
and  superior  advantages  of  the  turbine,  and  in  1827  M.  Four- 
neyron  recalled  public  attention  in  France  very  forcibly  to  the 
construction  of  the  horizontal  wheels  by  a  turbine  very  happily 
conceived  and  executed.  For  this  invention  he  received  in 
1833  a  prize  of  6,000  francs  ;  and  the  principles  of  his  machine 
have  been  investigated,  and  its  superiority  proved,  by  the  ablest 
Continental  experimenters  on  hydraulics.    In  its  present  form 
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it  is  equal  in  efficiency  to  the  best  hydraulic  machines,  and  in 
many  circumstances  is  Tery  advantageously  employed.  Since 
then  the  manufacture  of  these  turbines  in  countries  where 
water  power  is  much  depended  upon  has  assumed  considerable 
importance,  and  very  numerous  modifications  of  its  form  and 
construction  have  been  adopted. 

1.  Turbines  in  which  the  water  passes  vertically  through 
the  wheel. 

Wheels  of  this  class  are  composed  of  two  annular  cylinders, 
the  upper  fixed  and  the  lower  revolving  on  a  vertical  axis.  The 
upper  is  fitted  with  guides  to  direct  the  water  most  effectively 
against  similar  curved  vanes  or  buckets,  turned  in  the  opposite 
direction,  in  the  lower  wheel.    The  water  passes  from  the  re- 


Fig.  127. 


servoir  or  cistern  placed  over 
the  upper  cylinder,  vertically 
downwards,  acting  on  the  re- 
volving wheel  by  pressure  as 
it  glides  over  the  surface  of 
the  vanes. 

Burdin  about  1826  invented 
a  turbine  of  this  description 
(turbine  a  evacuation  alterna- 
tive), the  efficiency  of  which 
was  as  much  as  67  per  cent, 
of  the  water  power  expended. 

Fig.  127  represents  Feu 
JonvaPs  turbine  (known  also 
as  the  Koechlin  turbine).  The 
fixed  wheel  is  shown  at  A  A, 
the  revolving  wheel  at  b  b. 
Thewheels  consist  of  cast-iron 
rims,  having  wrought-iron 
guides  grooved  and  riveted  to 
them.  The  running  wheel  is 
keyed  on  the  shaft  c  c,  which 
is  supported  on  a  step  D,  firmly 
fixed  by  screws  on  the  cast- 
iron  bridge  attached  to  the 
cylinder  forming  the  tail-race.  The  regulation  of  the  water  is 
effected  partly  by  a  valve  e  resembling  the  throttle  valve  of  a 
steam  engine  and  placed  beneath  the  wheel,  or  in  some  cases 
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by  a  sluice  at  the  opening  of  the  conduit  into  the  tail-race. 
This  method,  when  much  variation  of  power  is  required,  reduces 
the  efficiency  of  the  wheel,  but  it  has  the  merit  of  great  sim- 
plicity and  facility  of  construction.  In  the  construction  repre- 
sented the  vane  carries  outside  the  cylinder  in  which  it  is  placed 
a  wheel,  acted  on  by  a  worm  from  a  hand  wheel  placed  at  any 
convenient  point  above  the  upper  cistern.  There  are  also  em- 
ployed movable  divisions  by  which  part  of  the  inner  periphery 
of  the  revolving  wheel  is  enclosed,  and  the  water  passes  through 
a  narrower  annular  aperture  on  the  external  periphery.  This 
arrangement  is  said  to  have  operated  effectively  in  America,  so 
that  a  wheel  giving  60-H.  P.  in  wet  seasons  can  work  at  40-H.  P. 
in  dry  seasons,  without  losing  more  than  15  or  16  per  cent,  of 
its  efficiency. 

These  wheels  are  placed  in  an  air-tight  cylinder,  for  low  falls 
at  a  depth  of  4  to  6  feet  below  the  surface,  and  for  high  falls  at 
a  distance  not  exceeding  30  feet  above  the  level  of  the  water  in 
the  tail-race,  when  lowest ;  so  that  in  the  upper  part  of  the 
fall  the  water  acts  by  pressure,  in  the  part  below  the  wheel  by 
suction  ;  hence,  there  is  no  inconvenience  from  back-water  be- 
yond the  inevitable  reduction  of  fall,  and  the  waste  water  may, 
if  necessary,  be  conveyed  in  an  air-tight  pipe  to  any  convenient 
point  of  discharge,  only  taking  care  that  its  mouth  be  under 
water.  In  case  of  breakdown  the  wheel  is  very  easily  rendered 
accessible.  These  wheels  are  said  to  yield  75  per  cent,  of  the 
power  expended  on  falls  above  1 2  feet. 

Fig.  128  represents  part  of  a  similar  turbine  by  M.  Froraont, 
which  received  the  Council  Medal  at  the  Great  Exhibition  of 
1851.  It  differs  from  the  last  in  the  method  of  regulating  the 
water,  and  is  known  as  M.  Fontaine  Baron's  turbine.  A  number 
of  sluices  s  a  are  suspended  in  the  fixed  wheel  by  wrought-iron 
rods,  and  are  raised  or  lowered  simultaneously  by  means  of 
wheel-work,  so  as  to  open  or  contract  the  orifices  for  the  passage 
of  the  water.  In  awarding  a  medal  to  this  turbine,  the  jury 
made  the  following  remarks  on  its  merits :  *  1st.  It  occupies  a 
small  space  ;  2nd.  Turning  very  rapidly,  it  may,  when  used  for 
grinding  flour,  be  made  to  communicate  the  motion  directly  to 
the  millstones ;  3rd.  It  works  equally  well  under  great  and  small 
falls  of  water ;  4th.  It  yields,  when  properly  constructed,  and 
with  the  supply  of  water  for  which  it  was  constructed,  a  useful 
effect  of  68  to  70  per  cent.,  being  an  efficiency  as  high  as  any 
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other  hydraulic  machine ;  5th.  The  same  wheel  may  be  made 
to  work  at  very  different  velocities,  without  materially  altering 
its  useful  effect.' — Reports  of  Juries. 


Fi/.  128. 


Fig.  129. 


Take  the  angle 


In  designing  a  wheel  of  this  description,  we  must  take  a 

distance  a  b  equal  to  the  dis- 
tance between  the  floats,  or 
6*29  x  radius 
No.  of  vanes 
a  b  c  —  15°  to  20°,  and  draw 
a  c  perpendicular  to  c  b.  Lay 

S  +  /9 

~2~' 


off  d  c  f  equal  to 


where 


&  is  the  angle  a  b  c,  and  /$  is 
taken  arbitrarily  equal  to  100°  to  110°.  Bisect  c  f  in  e,  and 
through  e  draw  g  d  perpendicular  to  c /,  and  cutting  c  din  d. 
From  d  with  radius  d  c,  or  d  /,  draw  the  arc  to  which  c  6  will 
be  a  tangent.    For  the  guides,  take  the  angle  /  h  A:  =  a,  so  that 

Cot  a  =  Cot/3  +  -rie. 

sin  o 

draw  /  m  perpendicular  to  h  k,  cutting  the  top  of  the  guide 
wheel  n  o  in  n ;  from  n  draw  an  arc  touching  h  Jc.  These  direc- 
tions are  from  Weisbach. 

In  America  the  Koechlin  turbine  has  been  experimented 
upon  by  the  Franklin  Institute,  with  the  following  results: 
The  turbine  experimented  upon  is  intended  to  afford  7-horse 
power  under  a  fall  of  10  feet.  It  is  21  ^  inches  in  diameter,  8£ 
inches  deep,  and  intended  to  make  190  revolutions  per  minute, 
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giving  63£  revolutions  of  a  horizontal  shaft  to  which  it  is  geared 
3  to  1.  To  this  shaft  was  attached  a  Prony  dynamometer,  whose 
lever  was  7*96  feet  long,  giving  50  feet  circumference. 

Experiment  No.  1. — The  discharge  over  a  waste  board  in  the 
tail-race  gave  the  following  data  for  calculating  the  discharge : 
l  =  width  of  waste  board  =  3-83  feet,_/t_=-^  depth  of  water 
on  it,  0-74.  Then  q  =  -383  x  3-83  x  74  */64  x  -74  =  7  468  cubic 
feet  per  second.  Hence  the  theoretical  power  =  7*468  x  62*5  x 
9-34  x  60  =  261,537  foot-pounds  per  minute  =  7*92-horse  power. 

It  was  found  that  at  63  revolutions  per  minute  of  the  hori- 
zontal shaft  63  lbs.  balanced  the  lever.  Hence  the  power  de- 
veloped by  the  wheel  was  63  x  63  x  50=  198>450  lbs.  =  6-014- 
horse  power. 

Experiment  No.  2. — The  gates  from  the  head-race  were  so  far 
closed  as  to  reduce  the  head  one  foot,  and  maintain  it  at  that 
level  during  the  experiment  The  depth  of  water  on  the  waste 
board  was  8^  inches,  and  the  fall  8-41  feet  .-.  q  =  0*39  x 
3-83  x  -677  ^64x-677  =  6-66  cubic  feet  per  second.  Hence 
theoretical  power  =  6*66  x  62*5  x  8-41  x  60  =  210,000  foot- 
pounds per  minute  =  6-36-horse  power. 

It  was  found  that  63  lbs.  balanced  the  lever  at  49  revolu- 
tions per  minute  of  the  shaft    Hence  the  power  developed  by 
the  wheel  was  49  x  63  x  50  =164,350  lbs.  =  4-98-horse  power. 
The  coefficients  are  then  for  No.  1,  6,014_^>„^ 

7-92  ~ 

"  N°- 2-  m  =0'78- 

And  making  allowance  for  leakage  round  the  waste  board 
the  experimenters  conclude  that  the  wheel  yielded  75  per  cent, 
of  the  power  expended. 

Another  experiment  on  a  60-horse  power  turbine  gave  the 
following  results : 

Effective  power  .   56*30  1 
-  Theoretical  power  63  92  J  °'88' 

Perhaps  this  very  large  coefficient  is  not  quite  reliable. 


2.  Turbine*  in  which  the  water  flows  horizontally  and  out- 
wards. 

In  turbines  of  this  class  the  revolving  wheel  is  placed  outside 
of  the  fixed  wheel,  so  that  the  water  directed  by  guide  plates  on 
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the  inner  wheel  strikes  the  curved  vanes  of  the  outer  wheel,  and 
forces  them  round  by  pressure  and  reaction.  The  water  is 
regulated  by  a  cylindrical  sluice  fitting  between  the  fixed  and 
movable  wheels. 

M.  Fourneyron's  turbine  is  the  chief  example  of  this  class. 
Its  advantages,  as  stated  in  M.  Poncelet's  Report  to  the  Academy 

Fig.  130. 


of  Sciences  at  Paris,  are  the  high  velocity  at  which  it  may  be 
worked  without  reducing  its  useful  effect,  its  small  size,  and, 
lastly,  its  capability  of  working  equally  well  under  back-water. 
From  the  experiments  of  M.  Morin,  the  coefficient  of  useful 
effect  appears  to  range  from  0*60  to  0*80.  On  the  other  hand, 
it  has  to  the  full  the  defects  of  this  class  of  machines,  requiring 
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the  utmost  nicety  of  design  and  execution,  and  being  very  sus- 
ceptible to  injury  from  small  bodies  carried  into  it  by  the 
water.  It  requires  for  its  successful  application  both  a  large 
acquaintance  with  the  principles  of  its  construction  and  a  con- 
siderable experience  of  its  use :  hence  it  will  be  unnecessary  to 
do  more  in  this  place  than  select  for  illustration  one  of  the  most 
successful  instances  of  their  application. 

Fig.  130  represents  a  vertical  section,  and  fig.  131  a  plan, 
of  the  celebrated  turbine  erected  under  M.  Fourneyron's  direc- 
tion at  St.  Blazien,  for  a  fall  of  354  feet.  This  small  wheel,  of 
only  about  26  inches  diameter,  is  employed  in  driving  the 
machinery  of  a  spinning  factory  of  8,000  throstle  spindles,  with 


Fig,  131, 


the  necessary  preparing  apparatus.  In  comparison  with  the 
work  it  has  to  perform,  it  is  therefore  of  a  size  altogether  unique. 

The  wheel  consists  of  a  cast-iron  concave  plate  t  t,  keyed  on 
the  main  axis  a  a ;  on  this  is  fixed  the  annular  wheel  8  a,  con- 
sisting of  an  upper  and  lower  plate  of  wrought  iron,  in  which 
are  fixed  the  36  curved  diaphragms  seen  in  the  plan,  fig.  131. 
Opposite  each  of  these  curved  plates  on  the  outer  revolving 
wheel  there  is  a  similar  guide  on  the  inner  fixed  wheel  v  v, 
which  is  carried  on  a  massive  cast-iron  plate  attached  to  the 
hollow  tube  b  b,  in  which  is  placed  the  main  axis.  This  plate 
not  only  sustains  the  guide  plates,  but  takes  off  from  the  main 
axis  the  weight  of  the  water,  and  thus  reduces  the  friction  on 
the  footstep.    The  cylinder  c  c  slides  up  and  down  in  the  larger 


Digitized  by  Google 


lf>8 


OX  PRIMK-MOYKRS, 


water  cistern*  and  forms  a  circular  sluice  between  the  revolving 
and  fixed  wheel,  by  which,  within  certain  limits,  the  discharge 
of  water  and  velocity  of  the  turbine  can  be  regulated.  This 
sluice  is  raised  or  lowered  by  4  rods,  d  d,  which  are  screwed 
above  into  the  eyes  of  4  pinions  (not  shown).  These  pinions 
all  gear  into  one  larger  wheel,  and  in  this  way  the  four  rods 
may  be  raised  or  lowered  simultaneously.  The  supply  of  water 
is  brought  to  the  cistern  by  a  pipe  g  of  16J  inches  diameter, 
and  1,200  feet  in  length.  The  spindle  works  on  a  steel  pivot 
in  a  footstep  adjusted  by  gibs  and  cotters  e.  This  turbine 
makes  from  2,200  to  2,300  revolutions  per  minute. 

Another  form  of  turbine,  in  which  the  flow  is  horizontally 
outwards,  has  been  made  to  some  extent  in  this  country  by 


Fig.  132. 


Messrs.  Whitelaw  and  Stirrat, 
and  is  sometimes  called  the 
Scotch  turbine  or  reaction 
wheel.  It  is  precisely  on  the 
principle  of  Barker's  mill,  and 
works  by  reaction.  The  prin- 
cipal improvement  effected  by 
Mr.  Whitelaw  is  the  form  of 
the  arms,  which  are  curved  in 
an  Archimedean  spiral.  Fig. 
132  shows  the  method  of  strik- 
ing these  curves,  the  centre 
line  of  the  arm  being  first 
drawn  and  half  the  breadth 
set  off  on  each  side  of  it,  so  that  the  capacity  of  the  arm  in- 
creases from  the  extremity  towards  the  centre  in  the  inverse 


Fig.  133. 


ratio  of  the  velocity  at  each 
point.  Fig.  133  shows  the  ar- 
rangement of  this  wheel,  the 
water  being  brought  in  a  pipe 
a,  curved  at  the  bottom,  so  as 
to  enter  the  reaction  wheel  on 
the  under  side.  The  wheel  is 
firmly  stayed  to  prevent  its 
rising  from  the  upward  pres- 
sure of  the  water,  and  carries 
directly  the  vertical  first  motion  shaft.  The  most  effective  velo- 
city at  the  extremity  of  the  arms  is  said  to  be  nearly  where 
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v  as  v/  2  g  h  ...  (1), 
v  =  velocity  in  feet  per  second,  h  =  head  of  water  in  feet,  and 
g  is  the  accelerating  force  of  gravity  =  32*19. 

The  following  are  the  rules  which  Mr.  Whitelaw  gives  for 
proportioning  this  machine : 

Let  q  be  the  number  of  cubic  feet  of  water  supplied  per 
minute. 

H,  the  height  of  the  fall  or  head  of  water. 
E,  the  useful  work  in  units  of  horse  power. 

E  =  696-73       (  ' 
Then  for  two  properly  formed  jets  :   

Width  of  each  discharging  orifice  =  w.  =   +  /  __J?JL — . 

*    6  '        V    1000  H  V  H 

Width  of  each  arm  of  machine  =  4  wx  =  Vfr 

Diameter  of  machine  =  d  =  50  wr 

Diameter  of  central  opening  =  10  wr 

Number  of  revolutions  in  a  minute  =  149-4338  d  H 

D 

In  experiments  with  models  the  wheel  is  said  to  have  realised 
from  74  to  77-8  per  cent,  of  the  available  power. 

3.  'Turbine*  in  which  the  water  flows  horizontally  inwards; 
vortex  wheels. 

We  owe  the  invention  of  this  class  of  turbines  to  one  of  my 
own  pupils,  Mr.  James  Thomson,  C.E.,  of  Belfast,  and  probably 
no  turbines  are  more  efficient  or  capable  of  more  general  ap- 
plication to  every  variety  of  fall  than  the  vortex  wheels  which 
he  has  constructed.  For  this  reason,  and  also  because  from 
their  recent  introduction  they  are  less  known  than  the  varieties 
which  have  been  longer  in  use,  we  shall  illustrate  them  rather 
more  fully  with  the  aid  of  working  drawings,  supplied  by 
Messrs.  Williamson  and  Brothers  of  Kendal,  who,  we  believe, 
have  at  present  erected  all  which  are  employed  in  this  country. 

The  peculiarity  of  these  vortex  wheels  consists  in  the  arrange- 
ments of  the  fixed  guide  blades  on  the  outside  of  a  circular  cham- 
ber in  which  is  placed  the  revolving  wheel,  so  that  the  water 
Bowing  inwards  strikes  the  curved  plates  of  the  revolving  wheel 
tangentially,  and  leaves  the  wheel  at  the  centre  at  a  minimum 
velocity ;  the  whirlpool  created  in  the  wheel  chamber  giving  to 
this  description  of  turbine  its  designation  of  vortex  wheel. 
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Fig.  134  shows  the  general  form  of  the  guides  and  passages 
of  a  vortex  wheel ;  a  a  are  the  fixed  guides,  four  in  number, 
Fig.  134.  which  direct  the  water  tangentially 

into  the  passages  of  the  wheel  b  b ; 
after  having  done  its  work  in  these, 
the  water  leaves  the  wheel  at  the 
open  passage  at  the  centre  c;  *  is 
the  vertical  shaft  carrying  the  wheel 
and  communicating  its  motion  to  the 
mill.    The  chamber  in  which  the 
guide  blades  a  a  are  fixed  forms  part 
of  the  supply  chamber,  and  the  sup- 
ply of  water  to  the  wheel  may  be  re- 
gulated by  altering  the  position  of 
the  guide  blades,  and  thus  diminish- 
ing or  increasing  the  area  of  opening 
between  them.  For  this  purpose  the 
guide  blades  are  fixed  on  gudgeons 
d  d,  near  their  extremities,  and  are 
connected  by  levers  and  links,  so  that  they  may  be  shifted 
simultaneously  by  a  spindle.    The  inner  radius  of  the  wheel  is 
usually  half  the  external  radius,  and  the  obliquity  of  the  inner 
ends  of  the  vanes  20°  to  30°. 

The  general  principles  of  these  turbines  Mr.  Thomson  thus 
explained  at  the  meeting  of  the  British  Association  in  1852  : 
'  The  velocity  of  the  circumference  is  made  the  same  as  that  of 
the  entering  water,  and  thus  there  is  no  impact  between  the 
water  and  the  wheel ;  but,  on  the  contrary,  the  water  enters  the 
radiating  conduits  of  the  wheel  gently ;  that  is  to  say,  with 
scarcely  any  motion  in  relation  to  their  mouths.    In  order  to 
attain  the  equalisation  of  these  velocities,  it  is  necessary  that  the 
circumference  of  the  wheel  should  move  with  the  velocity  which 
a  heavy  body  would  attain  in  falling  through  a  vertical  space 
equal  to  half  the  vertical  fall  of  water — or,  in  other  words,  with  a 
velocity  due  to  half  the  fall — and  that  the  orifices  through  which 
the  water  is  injected  into  the  wheel  chamber  should  be  con- 
jointly of  such  area,  that  when  all  the  water  required  is  flowing 
through  them  it  may  also  have  a  velocity  due  to  half  the  fall. 
Thus  one-half  only  of  the  fall  is  employed  in  producing  velocity 
in  the  water,  and  therefore  the  other  half  still  remains  acting 
on  the  water  in  the  wheel  chamber  at  the  circumference  of  the 
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wbeel  in  the  condition  of  fluid  pressure.  Now,  with  the  velocity 
already  assigned  to  the  wheel,  it  is  found  that  this  fluid  pressure 
is  exactly  that  which  is  requisite  to  overcome  the  centrifugal 
force  of  the  water  in  the  wheel,  and  to  bring  the  water  to  a  state 
of  rest  at  its  exit,  the  mechanical  work  due  to  both  halves  of  the 
fall  being  transferred  to  the  wheel  during  the  combined  action 
of  the  moving  water  and  the  moving  wheel.  In  the  foregoing 
statements,  the  effects  of  fluid  friction,  and  of  some  other  mo- 
difying influences,  are,  for  simplicity,  left  out  of  consideration; 
but,  in  the  practical  application  of  the  principles,  the  skill  and 
judgment  of  the  designer  must  be  exercised  in  taking  all  such 
elements  as  far  as  possible  into  account.  To  aid  in  this  some 
practical  rules,  to  which  the  author  (Mr.  Thomson)  as  yet 
closely  adheres,  were  made  out  by  him  previously  to  the  date  of 
his  patent.  These  are  to  be  found  in  the  specification  of  the 
patent,  published  in  the  "  Mechanics'  Magazine  "  for  January  18, 
and  January  25,  1851.' 

Mr.  Thomson  claims  for  his  wheel  the  peculiar  advantages — 
(1)  That  the  injection  passages  are  large  and  well  formed.  (2) 
That  it  permits  the  employment  of  a  most  advantageous  mode 
of  regulating  the  power,  by  contracting  the  areas  of  the  injection 
passages,  without  reducing  the  efficiency  of  the  machine.  (3) 
That  the  maximum  velocity  of  the  water  in  the  wheel  does  not 
exceed  that  due  to  half  the  fall.  (4)  That  the  centrifugal  action 
of  the  water  tends  to  regulate  the  velocity  of  the  wheels  under 
a  varying  load. 

In  his  paper,  Mr.  Thomson  describes  a  vortex  for  a  fall  of  37 
feet,  and  for  an  average  supply  of  540  cubic  feet  per  minute, 
yielding  28-effective-horse  power.  The  speed,  355  revolutions 
per  minute;  diameter,  22 $  inches;  and  extreme  diameter  of 
case,  4  feet  8  inches  ;  also  a  low-pressure  vortex  for  a  fall  of  7 
feet,  for  an  average  supply  of  2,460  cubic  feet  per  minute,  and 
yielding  24-horse  power,  at  48  revolutions  per  minute.  Another 
he  has  constructed  for  a  fall  of  100  feet,  and  a  fourth  of  large 
size,  calculated  for  working  at  150-horse  power,  on  a  fall  of  14 
feet,  and  through  a  considerable  part  of  the  year  submerged 
under  7  feet  of  back-water.  These  data  will  sufficiently  show 
the  capabilities  of  this  machine,  and  its  adaptation  under  great  ' 
varieties  of  circumstances. 

Figs.  135  and  136  exhibit  an  elevation  and  plan  of  a  high- 
pressure  vortex  wheel,  constructed  by  Messrs.  Williamson  and 
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Brothers  of  Kendal.  It  is  of  5-horse  power,  on  a  80-feet  fall,  and 
consumes  118  cubic  feet  per  minute.  The  water  is  conveyed 
to  the  wheel  in  the  9-inch  pipe,  a  a,  at  a  velocity  of  4*4  feet  per 
second,  b  is  the  supply  chamber,  or  wheel  case,  fixed  on 
masonry  in  the  tail-race  c,  from  which  the  water  passes  away 
by  the  tunnel  d.  In  the  drawing  the  tunnel  is  shown  closed, 
as  is  occasionally  necessary,  for  access  to  the  wheel  or  other 
purposes.  E  is  a  platform  just  above  the  ordinary  level  of  the 
water;  8  8  is  the  first  motion  shaft,  to  which  the  wheel  is 
attached,  and  which  is  supported  on  the  footstep  at  g,  and  by 
pedestals  attached  to  the  supply  pipe  a  a. 


Pig.  186, 


Fig.  187  shows  the  wheel  case  in  section.  H  h  is  the  supply 
chamber  or  guide  blade  chamber,  cast  in  parts  and  bolted 
together  as  shown  ;  w,  the  wheel  itself,  about  10  inches  in  dia- 
meter, and  composed  of  wrought-iron  plates  with  wrought-iron 
curved  vanes  j  g  g  the  four  guide  blades,  in  this  wheel  fixed  and 
let  into  grooves  cast  in  the  cover  and  bottom  of  the  chamber ; 
k  k,  four  bolts  tying  the  cover  and  bottom  of  the  supply  cham- 
ber together  to  strengthen  it  against  pressure  ;  A  the  supply 
pipe  as  before,  aud  k  k  the  openings  in  the  centre  of  the  wheel 
for  the  escape  of  the  waste  water  after  it  has  done  its  work  on 
the  wheel.  The  joint  between  the  wheel  and  its  case  is  made 
by  means  of  the  accurately  fitting  annular  parts  l  L,  adjusted 
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for  the  wheel  to  run  without  friction  by  bolts  n  n  in  the  upper 
piece.  8  8  is  the  first  motion  shaft  resting  on  a  lignum  vitas 
pivot  firmly  fixed  in  the  footbridge  o,  which  is  bolted  on  below 
the  supply  chamber,  the  height  of  the  pivot  as  it  wears  being 
adjusted  by  the  screw  I  /.  The  pivot  is  lubricated  by  the  water 
in  which  it  works  spread  over  it  by  a  radial  groove.  In  other 
cases  Mr.  Thomson  makes  the  shaft  to  terminate  in  an  inverted 
cup  containing  a  concave  brass  disc  working  on  a  fixed  steel 
pivot,  with  a  radial  groove  for  spreading  the  water.  He  does 
not  consider  the  lubrication  with  oil  so  essential  as  other  en- 
gineers insist,  and  believes  the  cases  in  which  turbine  pivots 


Vig.  137. 


have  been  rapidly  destroyed  to  be  attributed  to  the  absence  of 
a  proper  provision  for  the  escape  of  the  air  between  the  rubbing 
surfaces.  Fig.  138  represents  a  half-plan  and  half-horizontal 
section  of  the  same  wheel,  the  same  letters  of  reference  being 
used  as  in  fig.  137. 

Fig.  139  exhibits  the  arrangement,  in  sectional  elevation,  of 
a  low-pressure  vortex  wheel  with  its  pen  trough  and  tail-race. 
This  wheel  is  of  34-horse  power,  with  an  effective  fall  of  14  feet 
3  inches,  and  a  supply  of  1,680  cubic  feet  per  minute.  The 
wheel  is  46  inches  in  diameter,  and  makes  94  revolutions  per 
minute,  a  a  are  the  four  supply  pipes,  2  feet  in  diameter,  so 
that  the  water  in  them  has  a  velocity  of  about  2*3  feet  per  second. 
B  is  the  square  supply  chamber,  c  C  the  tail-race,  and  d  d  the 
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conduit  and  pentrough.  The  water  as  it  arrives  passes  through 
a  perforated  metal  strainer  e  e,  to  prevent  the  choking  of  the 
narrow  passages  of  the  wheel  by  floating  leaves,  &c.  Over  the 
four  supply  pipes  a  a  is  fixed  a  circular  cast-iron  plate  o  o, 
with  four  holes  corresponding  in  one  position  with  the  trumpet 
mouths  of  the  supply  pipes.  On  the  edge  of  this  plate  is  a 
rack  into  which  the  pinion  g  gears,  so  that  by  moving  the  worm 
and  wheel  h  the  sluice  plate  o  o  may  be  revolved,  and  the  en- 


Fig.  i:i8. 


trance  for  the  admission  of  the  water  to  the  wheel  more  or 
less  closed  or  opened.  This  is  an  effective  and  inexpensive 
means  of  regulating  the  power  of  the  wheel,  where  the  supply 
of  water  is  abundant,  and  it  is  not  necessary  to  economise  its 
expenditure  to  the  utmost  extent,  s  s  is  the  first  motion  shaft, 
and  t  t  the  bevel  wheels  by  which  it  gives  off  the  power  of  the 
wheel  to  the  mill,  k  is  the  footbridge,  carrying  a  step  which 
can  be  raised  by  the  lever  11  as  it  wears  away.    Fig.  140  ex- 
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hibits  a  half-plan  and  half- section  of  the  wheel  and  supply 
chamber.  A  A,  as  before,  supply  pipes ;  w  the  wheel  itself;  g  g  g 
fixed  guide  blades ;  the  regulation  of  the  wheel  being  effected  by 
the  sluice  as  before  described,  s  first  motion  shaft,  L  central 
opening  for  the  escape  of  the  water,  m  wheel  cover,  forming  at 
its  inner  periphery  a  close  and  accurate  joint  with  the  revolving 
wheel. 

Another  plan  which  has  been  adopted  with  these  wheels  for 
regulating  the  speed,  when  they  are  applied  to  high  falls,  is  to 


bring  the  supply  pipe  when  near  the  wheel  into  a  horizontal 
direction,  fitting  to  it  an  ordinary  sluice  such  as  is  used  in  high- 
pressure  mains.  A  10-horse  power  turbine,  on  a  fall  of  80 
feet,  has  been  erected  on  this  principle  by  Messrs.  Williamson 
and  Brothers  in  Yorkshire.  The  wheel  is  only  13  inches  in 
diameter,  and  consumes  90  cubic  feet  of  water  per  minute, 
which  is  brought  a  distance  of  3-40  yards,  in  a  9-inch  pipe,  the 
pentrough  and  strainer  being  placed  at  the  upper  end,  and  the 
sluice  at  the  bottom  close  to  the  wheel. 
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But  beyond  question  the  most  economical  arrangement  for 
regulating  the  expenditure  of  water,  although  somewhat  more 
complicated  in  its  details,  is  the  adjustment  of  the  guide  blades 
themselves  in  the  manner  already  alluded  to.  Fig.  141  shows 
a  plan  of  a  turbine,  arranged  with  movable  guide  blades,  a  a 
two  supply  pipes ;  b  wheel  cover ;  c  c  o  c  bell  cranks  connected 
together  by  links.    The  whole  of  these  bell  cranks  are  worked 

Fig.  140. 


Scale  J  in.  =  8  ft. 


by  a  vertical  spindle  D,  and  worm  and  wheel  in  the  mill :  they 
carry  in  the  supply  chamber  links  shown  by  the  dotted  lines,  by 
which  the  guide  blades  g  g  g  g>  movable  on  centres  at  h  h  h  h, 
can  be  opened  or  closed. 

These  turbines  yield  75  per  cent,  of  the  power  expended, 
and  are  therefore  as  efficient  as  the  best  water  wheels  or  tur- 
bines. They  work  equally  well  under  back-water,  and,  if  it  be 
necessary,  they  can  be  placed  at  any  height  less  than  80  feet 
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above  the  water  in  the  tail-race,  the  lower  part  of  the  fall 
being  made  to  do  its  work  on  the  wheel  by  suction  in  pipes 


Fig.  141. 


descending  from  the  central  dis- 
charge orifice,  and  terminating 
in  the  water  of  the  tail-race. 

In  America,  turbines  of  va- 
rious kinds  have  come  into  ex- 
tensive use,  and  some  erected 
there  are  of  unprecedentedly 
large  size.  The  better  forms 
have  been  copied,  in  their  main 
features,  from  European  ma- 
chines already  described,  with 
some  variation  in  the  construc- 
tive details.  Thus  Mr.  Boyden 
has  introduced  a  difruser,  or 
annular  mouth-piece,  round  the 
outer  or  revolving  wheel  of  the 
Fourneyron  turbine,  instead  of 
permitting  the  water  to  escape 
into  the  free  space  of  the  tail- 
water.  He  has  also,  to  avoid 
the  difficulties  arising  from  the 
rapid  wear  of  the  footstep  working  under  water  in  large 
turbines,  suspended  them  from  above,  instead  of  supporting 

Fig.  L48. 


Elevation. 


Section. 


them  below.  This  he  accomplishes  by  the  peculiar  form  of 
bearing  shown  in  fig.  142.  The  top  of  the  main  vertical  shaft 
of  the  turbine  c  is  cut  so  as  to  form  a  series  of  bearing  sur- 
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faces ;  these  fit  into  corresponding-  grooves  in  the  metal  of  the 
suspension  box  a,  which  is  supported,  as  shown  in  the  eleva- 
tion, by  gimbals.  The  height  of  the  shaft  can  be  accurately 
adjusted  by  screws,  so  that  the  weight  of  the  turbine  may  rest 
on  the  collars  in  the  suspension  shaft,  and  the  lower  bearing 
beneath  the  water  serve  merely  to  retain  the  shaft  in  its  place. 
By  lining  the  suspension  box  a  with  a  soft  metal,  principally 
tin,  melted  and  poured  in  with  the  necks  in  place,  sufficient 
accuracy  can  be  attained  to  prevent  any  undue  strain  on 
particular  collars.  This  form  of  bearing  is  said  to  have  been 
successfully  employed,  and  to  obviate  the  difficulties  of  oiling 
beneath  the  water. 

Efficiency  of  Turbines. — It  may  be  useful  to  revert  here  for 
a  moment  to  the  experiments  which  have  been  made  upon 
different  forms  of  turbine  to  ascertain  their  relative  efficiency. 
In  all  these  machines,  the  useful  work  rendered  is  less  than 
the  entire  force  of  the  fall  of  water  which  acts  upon  them  by 
the  loss  of  work  expended  in  overcoming  the  friction  and  in- 
ertia of  the  machine,  together  with  the  loss  from  the  vis  viva 
expended  in  shocks  and  impact  and  passing  away  in  the  water 
of  the  tail-race,  and  from  other  causes  in  special  cases.  The 
fraction  which  expresses  the  ratio  of  the  total  work  expended 
by  the  water  to  the  useful  work  returned  by  the  machine  is  the 
efficiency  of  the  machine.  Commonly  we  express  this  ratio  in  a 
percentage,  taking  the  work  of  the  fall  as  100,  and  calling  the 
work  accomplished  useful  effect  or  return. 

For  the  turbines  of  Fontaine  and  Jonval,  in  which  the  flow  is 
vertical,  a  return  of  70  to  72  per  cent,  was  obtained  by  M.  Morin  ; 
67  per  cent,  by  MM.  Alcau  and  Grouvelle ;  74*5  per  cent,  by 
MM.  Hulze,  Borneman,  and  Bruckman. 

The  turbine  of  Fourneyron  yields,  according  to  M.  Morin,  74 
per  cent. ;  but  64£  according  to  MM.  Redtenbacher  and  Maro- 
zeau ;  M.  Fourneyron  has  obtained  results  varying  from  65  to 
80  per  cent,  according  to  the  fall  and  immersion  of  the  turbine. 
The  turbine  of  St.  Blazier  is  said  to  yield  from  70  to  75  per  cent. 

The  turbine  of  Poncelet,  in  which  the  water  is  laid  on  tan- 
gentially,  yields  from  65  to  75  per  cent. ;  according  to  M.  Hulze, 
70  per  cent. 

The  turbine  of  Cadiat,  with  an  outward  flow  like  that  of 
Fourneyron,  but  regulated  by  an  exterior  circular  sluice,  gave 
65  per  cent,  to  M.  Redtenbacher. 
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The  reaction  wheel  of  Whitelaw  and  Stirrat  has  yielded  in 
experiments  with  models  70  to  78  per  cent. 

Mr.  Thomson's  vortex  wheel  yields,  according  to  his  experi- 
ments, 75  per  cent. 

All  these  returns  appear  to  approximate  closely  to  the  duty 
performed  by  water  wheels  ;  probably  not  so  high  as  that  given 
by  a  well-constructed  iron  water  wheel,  but  the  difference  is 
inconsiderable.  Smeaton's  experiments  gave,  on  his  overshot 
wheels,  as  much  as  76  per  cent. ;  and  the  results  obtained  from 
experiments  on  the  breast  wheel,  with  ventilated  buckets  on  a 
large  scale,  gave  nearly  78  per  cent,  of  the  actual  power  of  the 
water  employed. 

Certain  advantages,  it  must  be  admitted,  are  obtained  by  the 
turbine  in  certain  localities  under  favourable  conditions  ;  but  it 
is  doubtful  whether  they  are  equal,  either  on  the  score  of  ex- 
pense or  ultimate  efficiency,  to  well-constructed  water  wheels, 
In  some  situations  favourable  for  their  reception,  they  are  doubt- 
less preferable  in  effecting  a  reduction  of  the  original  cost;  but, 
taking  into  account  the  conveyance  of  the  water  in  pipes  and 
other  charges,  it  will  be  found  as  a  general  rule  that  the  differ- 
ence is  not  considerable,  and  that  a  well- constructed  water  wheel 
of  50  years'  duration  is  an  effective  and  excellent  substitute  for 
the  turbine. 

Since  the  first  edition  of  this  work  another  improved  turbine, 
by  Mr.  Schiele,  has  been  introduced,  of  which  the  following  is 
a  description. 

Schiele's  turbine  (patent  of  1863)  is  constructed  for  the  pur- 
pose of  regulating  and  adjusting  the  supply  of  water  to  the 
amount  of  power  required,  and  so  to  proportion  the  parts  as  <o 
maintain  uniformity  of  speed  and  economy  in  the  free  use  of  the 
water ;  to  float  the  turbines  partially  in  the  water  so  as  to  reduce 
the  friction  on  the  footsteps ;  also  to  allow  the  dams  or  reservoirs 
to  be  run  empty  towards  closing  or  stopping  time  ;  and  to  pre- 
vent the  entrance  of  leaves  or  other  floating  substances  into 
the  working  parts.  This  turbine,  moreover,  combines  the  ad- 
vantages of  being  perfectly  self-acting,  and  working  up  to  nearly 
a  maximum  effect.  In  addition  to  the  above  it  is  stated  by 
the  constructors  that,  exclusive  of  its  simplicity  and  compara- 
tive cheapness,  the  tangential  entrance  of  the  water  and  its 
radial  delivery  are  effected  with  facility,  and  that  it  works 
freely  in  back-water  under  the  varied  conditions  of  the  height 
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of  the  fall,  as  it  is  increased  or  diminished,  without  change  of 
velocity  when  the  supply  is  sufficiently  abundant,  admitting  of  a 
wide  range  of  speed  without  sensibly  diminishing  its  useful  effect. 

These  turbines  are  so  constructed  as  to  admit  the  water  on 
the  top  of  the  tube  at  a,  fig.  142,  when  the  sluice  in  the  water- 
course is  fully  opened  and  fixed  in  that  position.  The  tube  a 
leads  the  water  into  the  tubular  foundation  plate  5,  from  whence 
it  rises  into  the  circular  tube  c,  surrounding  the  spirally  formed 
cast-iron  guide  blades  d,  which  project  higher  than  the  ring  or 
tube  c.  The  base  or  inner  guide  for  the  water  is  formed  by  a 
cone,  which  diminishes  the  area  of  the  passages  uniformly,  so 
that,  if  an  outer  ring  closes  the  lower  projecting  half  of  the 
guides,  their  interior  area  would  be  diminished  one  half,  and  so 
on  with  any  other  fractional  diminution  of  the  area.  The  water 
passing  through  is  not  delivered  direct  but  sideways  round  the 
spiral  openings,  each  extending  from  one  quarter  to  sometimes 
one  half  the  circumference,  and  rising  to  a  greater  height  than 
is  usual  in  turbines,  whereby  an  almost  tangential  direction  is 
given  to  the  water,  thus  preventing  shocks,  and  enabling  strong 
cast-iron  wings  to  be  used  for  the  turbine  wheel  /.  These  wings, 
where  they  face  the  guides  d,  are  partly  cylindrical,  having  a 
sharp  cutting  edge  forward  to  cut  to  pieces  any  obstructions. 
The  wings  e  also  taper  in  their  curved  form  to  a  fine  edge.  This 
construction  allows  of  a  considerable  reduction  in  the  number 
of  wings,  whereby  the  passages  of  the  turbines  are  made 
sufficiently  large  in  most  cases,  so  that  strainers,  with  rods  3 
to  4  inches  apart,  are  quite  sufficient  to  prevent  the  entrance 
of  materials  interfering  with  the  safe  working  of  the  turbine. 
Should  sticks  enter  between  the  wheel  and  guides,  they  are 
immediately  cut  off  by  the  sharp  edges  of  the  wings  e  and  the 
spiral  guides  </,  which  form  a  scissor-like  action  and  divide  them. 
If  this  should  fail  by  too  great  a  quantity  having  entered  at 
once,  then  turning  the  turbine  partly  round  backwards  will 
clear  and  open  the  passages ;  or  the  lifting  out  of  the  wheel, 
sliding  on  its  spindle  to  above  the  surface  of  the  water,  may  be 
accomplished  with  great  facility  and  expedition,  when  the  ob- 
struction may  be  removed  by  flushing  the  water  through  the 
guides.  The  wheel  is  now  dropped  down  again  into  its  place 
on  the  coupling,  and  secured  in  that  position  by  a  wedge  above 
the  water  level,  &c.  For  clearing  obstructions  out  of  the  hollow 
foundation  plate  b,  a  flush  gate  g  is  occasionally  opened.  Should 
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ice  come  down  with  the  water  in  too  large  quantities,  another 
strainer  is  placed  before  the'water  entrance  to  the  guides  rf,  and 
an  occasional  flushing  out  is  required.  The  wings  e  above 
mentioned  are  cast  to  a  disc  /,  which  is  fixed  to  the  spindle  by 
resting  on  a  coupling  plate  i,  provided  with  pins  which  enter 
through  the  disc  /.  A  wedge  k  holds  the  disc  or  turbine  wheel 
/  down  to  the  plate  i.  The  pivot  on  which  the  spindle  turns  is 
shown  by  dotted  lines.  It  is  made  to  the  antifriction  curve  and 
is  supplied  with  oil  by  the  tube  1.  The  water  passages  between 
the  wings  e  are  adjustable  in  their  heights  by  a  disc  m  cut  out 
for  the  passage  of  the  wings  e.  A  casing  n  of  the  form  of  a 
double  ring  is  connected  to  the  under  side  of  the  disc  ra,  cover- 
ing those  portions  of  the  wings  which  are  not  at  that  moment 
in  use.  The  inner  ring,  which  slides  up  and  down  between  the 
wings  e  and  the  guides  d,  adjusts  the  areas  of  the  latter  in  the 
same  proportion  as  the  disc  m  adjusts  the  wheel  passages,  thus 
maintaining  the  requirements  of  a  good  turbine  for  varying 
powers.  The  sliding  of  m  and  n  up  and  down  is  accomplished 
by  means  of  bolts  passiug  through  the  wings  e,  and  fixed  to  the 
cover  o  over  the  wheel  /.  The  cover  o  fits  over  the  cylindrical 
portion  of  the  wheel  and  allows  of  a  constant  leakage.  It  has 
a  central  pipe  s,  fixed  to  and  opening  into  it,  which,  sliding  on 
the  spindle  by  its  upper  end,  gives  the  rising  and  falling  motion 
of  o,  m,  and  n,  a  secure  guiding.  In  order  to  lift  o,  and  by  it 
m  and  n,  it  is  only  necessary  to  admit  water  into  the  central 
pipe,  which,  when  rising  therein,  produces  a  great  pressure 
upwards,  owing  to  the  large  surface  of  o.  No  sudden  overstroke 
of  this  adjustment  can  happen,  as  the  column  of  water  would  at 
once  diminish  and  check  the  moving  force.  The  pressure 
between  the  discs  m  and  /,  produced  by  the  force  or  fall  of  the 
water,  tends  to  counteract  this  useful  effect ;  but  the  circular 
velocity  of  the  water  under  the  cover  o  balances  it,  and  to  such 
an  extent,  that  at  any  sudden  start  of  the  turbine — caused  by  a 
considerable  portion  of  the  load  being  suddenly  taken  off — the 
cover  o  rises  at  once,  not  waiting  for  the  regulating  supply  of 
the  water.  The  speed  of  the  turbine  is  maintained  by  a  ball 
governor  regulating  the  supply  under  the  cover  o.  The  height 
of  the  water  level  is  maintained  by  the  float  p,  adjusting  the 
turbine,  when  the  governor  would  allow  too  much  water  to  pass 
the  turbine.  This  is  more  particularly  useful  where  turbines 
run  in  connection  with  steam  engines  which  supply  by  their 
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governor  the  remainder  of  the  power  required  when  the  water 
supply  is  insufficient.  The  pressure  produced  under  the  central 
portion  of  the  disc  /  takes  away  the  greater  portion  of  the 
weight  resting  on  the  footstep  of  the  spindle.  The  float  p,  when 
set  out  of  action  as  a  float,  may  be  held  in  such  a  position  as 
will  allow  the  turbine  to  consume  larger  quantities  of  water, 
giving  correspondingly  greater  power  so  as  to  run  reservoirs  or 
rivers  empty  before  the  completion  of  the  day's  work.  The  water 
issuing  from  other  turbines  generally  indicates  a  separation  of 
currents— not  a  compact  water- mass — in  a  direction  not  radial 
to  the  wheel.  This  turbine,  having  the  two  discs  /  and  m  pro- 
jecting considerably  beyond  the  tips  of  the  wings  e,  and  the 
inclination  of  the  wings  being  nearer  the  tangential  direction 
than  in  otherwise  constructed  turbines,  the  issuing  water  is 
much  more  compact  and  efficient  in  its  uniform  and  almost 
radial  flow  on  leaving  the  wheel ;  a  great  variation  of  speed  is 
thus  admissible  before  such  unfavourable  angles  of  discharged 
water  are  caused  as  would  materially  influence  the  useful  effect 
obtained. 

4.  Water  Pressure  Engines. 

In  the  water  pressure  engine  the  power  obtained  from  the 
pressure  of  a  column  of  water  is  employed  in  generating  a  reci- 
procating instead  of  a  rotatory  motion.  Engines  of  this  descrip- 
tion have  long  been  employed  in  the  mining  districts  of  the 
Continent;  but  in  England  their  use  appears  to  date  from  1765, 
when  a  single-acting  water  pressure  engine  was  erected  by 
Mr.  Westgarth  for  draining  a  mine  in  Northumberland. 

For  the  most  successful  application  of  these  engines,  as  re- 
gards efficiency,  it  is  necessary  that  the  motion  of  the  water 
should  be  slow,  and  as  far  as  possible  without  shock.  Three  to 
six  strokes  per  minute,  or  a  velocity  for  the  piston  of  one  foot  per 
second,  is  about  the  ordinary  speed.  The  stroke  also  should  be 
long ;  and  therefore  '  the  most  advantageous  use  to  which  a  water 
pressure  engine  can  be  put  is  the  pumping  of  water,  to  which 
slow  motion  and  a  long  stroke  are  well  adapted,  because  they 
are  favourable  to  efficiency,  not  only  in  the  engine  but  in  the 
pump  which  it  works.' — Rankine. 

The  valves  now  usually  employed  in  these  engines  are  solid 
pistons  working  in  the  supply  pipe,  with  leather  or  metal  pack- 
ings. Figs.  143  and  144,  showing  the  valves  for  a  single-acting 
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Fig.  144. 


Fig.  145. 


engine,  will  sufficiently  indicate  the  principle,  a  A  is  the  sup- 
ply pipe ;  B  b  the  entrance  to 
the  cylinder ;  and  c  o  the  educ- 
tion pipe.  When  the  cylinder 
is  being  filled,  fig.  144,  the 
valve  d  is  below  the  entrance 
and  closes  the  eduction  pipe. 
When,  however,  the  cylinder  is 
emptying,  fig.  143,  the  valve  is 
raised  and  then  closes  the  supply 
pipe.  Deep  notches  are  cut  in 
these  valves  in  order  that  they 
may  very  gradually  open  and  close  the  passages  to  prevent  shock. 
These  valves  are  usually  worked  by  a  small  water  pressure 

engine,  acting  in  the  reverse  direction 
to  the  general  engine,  and  worked  from 
it  by  tappets.  Fig.  145  shows  such  an 
arrangement,  from  the  single-acting 
engine  of  M.  Junker. 

In  this  drawing  c  represents  the 
upper  edge  of  the  main  cylinder,  s  the 
supply  pipe,  D  the  port  connecting  the 
main  cylinder  with  the  valve  chest,  o  the 
discharge  pipe:  e  is  the  valve,  which 
when  above  d,  as  in  fig.  145,  permits  the 
water  to  escape  from  the  cylinder,  and, 
when  below  d,  closes  the  discharge  pipe 
and  opens  a  passage  from  the  supply 
pipe.  The  area  of  the  valve  e  is  made 
less  than  that  of  the  piston  p,  with  which 
it  is  connected  by  a  rigid  rod.  Hence 
the  pressure  of  the  water  between  e  and 
p  tends  to  raise  them  both.  The  upper 
side  of  p  is  provided  with  a  trunk  work- 
ing in  a  stuffing  box  in  the  top  of  the 
valve  cylinder.  The  use  of  this  is  to 
diminish  the  effective  area  of  the  upper 
side  of  the  piston  p,  so  that  it  shall  not 
be  more  than  is  requisite  to  enable  water,  when  admitted  through 
the  port  t,  to  overcome  the  upward  tendency  of  the  piston  toge- 
ther with  the  friction  of  the  piston  and  valve. 
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h  is  the  supply  pipe,  and  m  the  discharge  pipe  of  the  auxi- 
liary engine  for  working  the  valves  ;  K  is  the  valve  of  this  engine 
which  regulates  the  admission  and  discharge  of  the  water 
through  the  port  i,  precisely  in  the  same  manner  as  the  valve 
e  regulates  the  admission  and  discharge  from  the  main  cylin- 
der ;  i  is  a  plunger  of  the  same  size  as  k,  that  the  pressure  be- 
tween them  may  be  equalised  and  not  tend  to  move  k  upwards 
or  downwards.  The  rod  to  which  k  and  I  are  fixed  is  connected 
by  means  of  a  train  of  levers  and  link- work  with  a  lever  carry- 
ing the  crutch  p.  This  is  alternately  raised  and  depressed  by 
a  tappet  rod  carried  by  the  piston  in  the  main  cylinder  c. 

Suppose  now  the  piston  valve  e  is  raised,  and  the  water  dis- 
charging from  the  main  cylinder,  as  shown  in  fig.  145.  When 
the  main  piston  approaches  the  bottom  of  its  stroke,  the  upper 
tappet  strikes  the  lower  hook  on  p  and  depresses  it,  along  with 
the  auxiliary  valve  k.  This  admits  water  from  s  through  H  and 
i  to  the  upper  side  of  the  counter  piston  f,  so  as  to  depress  it 
along  with  the  valve  E.  The  valve  e  then  closes  the  discharge 
pipe,  and  admits  water  from  s  to  the  main  cylinder ;  the  piston 
rises,  and  near  the  termination  of  its  stroke  strikes  the  upper 
hook  on  P,  and  raises  the  auxiliary  valve  fe.  This  allows  the 
water  to  discharge  from  the  upper  side  of  f,  and  then  the  sur- 
plus pressure  on  its  lower  side  lifts  it  with  e,  and  the  operation 
is  repeated.* 

Fig.  146  exhibits  an  elevation  of  a  single-acting  water  pres- 
sure engine,  which  I  erected  some  years  since  in  Derbyshire  for 
the  purpose  of  raising  water  from  the  Alport  lead  mines.  It 
does  not  widely  differ  in  its  action  from  that  of  M.  Junker  just 
described,  c  is  the  main  cylinder,  and  p  its  piston  or  plunger, 
8  the  supply  pipe,  and  d  the  discharge  pipe,  connected  with  the 
valve  apparatus  e.  f  is  the  cataract  or  auxiliary  engine  for 
working  the  valves.  The  piston  p  is  connected  with  the  sway 
beam  b  b,  which  at  its  other  extremity  is  attached  to  the  oscil- 
lating connecting  rod  a  a,  which  is  fixed  on  a  pivot  or  joint  at 
its  lower  extremity.  By  this  arrangement  the  piston  is  per- 
mitted to  rise  vertically,  and  the  spear  rod  of  the  pumps  e  is 
also  nearly  vertical  in  its  movement.  A  heavy  balance  weight 
w  is  attached  at  the  opposite  end  of  the  sway  beam  to  balance 

*  The  description  of  this  valve  is  abridged  from  Mr.  Rankine's  and  Prof. 
Weisbach's  Treatises. 
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the  pump  rods  at  the  other,  so  that  the  piston  should  fall  in  the 
cylinder  c  at  an  appropriate  velocity,  and  without  shock. 

Fig.  146. 


Mr.  Joseph  Glynn  erected  a  similar  engine  at  the  same 
mines  in  1842.  This  engine  was  of  larger  size,  namely,  with  a 
60-inch  cylinder,  and  10-feet  stroke.    The  head  of  water  is  132 
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feet,  and  lifts  a  plunger  rod  42  inches  in  diameter,  affording  a 
power  of  about  150  horses  when  working  at  its  greatest  velocity. 

Hydraulic  engines  of  this  description  are  not  the  most  effec- 
tive even  for  pumping  water,  as  the  motion  is  exceedingly  slow, 
and  the  friction  of  the  water  and  the  organic  parts  of  the  en- 
gine absorbs  a  considerable  amount  of  the  power  employed. 
To  remedy  this  evil  it  is  found  desirable  in  some  cases,  wher- 
ever the  fall  is  not  too  high,  to  introduce  the  water  wheel  with 
cranks  and  spear  rods,  communicating  a  reciprocating  motion 
to  the  pumps  in  the  shaft  of  the  mine. 

In  mountainous  countries,  where  high  hills  descending  from 
great  elevations  are  found,  the  reciprocating  engine  is  probably 
the  best  application  for  draining  purposes,  as  the  motion  is  con- 
veyed direct  from  the  main  cylinder  to  the  pumps,  and  that, 
probably,  at  the  smallest  outlay  of  capital,  when  a  supply  of 
water  is  at  hand. 

It  is  otherwise  when  large  supplies  of  water  on  low  falls 
are  present.  Then  the  water  wheel,  with  its  machinery,  is 
the  most  effective  and  the  most  economical  application  of  the 
power. 

The  recent  introduction  of  the  turbine  may,  however,  effect  a 
change  in  this  class  of  machinery,  as  it  is  admirably  adapted  to 
high  falls,  and  may  be  advantageously  employed  at  a  moderate 
cost.  The  great  objection  to  its  use  in  this  form  is  the  great 
velocity  it  attains  on  high  falls,  and  the  consequent  reduction 
which  would  be  requisite  to  work  pumps  at  10  to  12  strokes  per 
minute,  when  the  machine  itself  is  moving  at  the  rate  of  400  to 
500  revolutions  per  minute.  This  appears  to  be  the  only  draw- 
back; and  it  is  not  improbable  that  the  simple  cylinder  here  de- 
scribed may,  under  certain  conditions,  be  best  adapted  to  meet 
all  the  requirements  of  raising  water  from  deep  mines  with  the 
aid  of  convenient  streams  on  high  falls. 
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CHAPTER  VI. 

ON  THE  PROPERTIES  OP  STEAM. 

Before  considering  the  application  of  the  steam  engine  as  a 
prime-mover,  it  may  be  interesting  to  know  something  of  the 
properties  of  steam  by  which  it  is  moved,  in  regard  to  pressure, 
temperature,  and  density,  as  ascertained  by  various  philosophers 
since  the  days  of  Newcomen  and  Watt.  Of  late  years  a  great 
change  has  gradually  taken  place  in  the  system  of  working  the 
steam  engine.  At  the  time  of  the  introduction  of  the  double- 
acting  engine  of  Watt,  the  makers  of  engines  never  dreamed 
of  employing  steam  at  a  greater  pressure  than  10  lbs.  on  the 
square  inch  ;  and  up  to  1840  that  was  the  maximum  pressure  at 
which  steam  engines  were  worked,  with  the  exception  of  a  few 
constructed  on  Wolfs  principle  of  double  cylinders,  where  the 
steam  is  first  admitted  to  the  piston  of  the  smaller  cylinder  at 
a  pressure  of  30  to  40  lbs.  per  square  inch,  and,  after  having 
performed  its  office  there,  is  allowed  to  expand  into  the  second 
cylinder  of  three  or  four  times  greater  capacity,  and  thus  to  unite 
its  force  with  that  of  the  small  cylinder,  as  it  moved  from  one 
extremity  of  the  stroke  to  the  other.  To  work  this  description 
of  engine  with  high-pressure  steam,  it  was  necessary  to  propor- 
tion the  strength  of  the  parts  of  the  engine  as  well  as  the  boiler 
to  a  much  greater  extent  of  pressure  than  in  the  double-acting 
engine  of  Watt.  Hence  it  was  soon  found  that  the  waggon 
form  for  the  latter,  as  employed  by  Watt,  was  not  calculated  to 
resist  a  pressure  exceeding  10  or  12  lbs.  per  square  inch  without 
the  introduction  of  numerous  wrought-iron  stays  to  retain  it  in 
form.  To  raise  steam  for  the  compound  engine  such  a  boiler 
was  wholly  inadequate,  and  a  series  of  small  boilers  with  hemi- 
spherical ends  were  introduced  in  its  stead  wherever  steam  of 
high  pressure  was  required. 

The  single  pumping  engines  of  Watt,  and  the  compound 
engines  of  Wolf,  employed  at  the  mines  in  Cornwall,  gave,  how- 
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ever,  extraordinary  results  as  regards  the  work  accomplished 
for  the  quantity  of  coal  consumed,  which  was  less  than  half  the 
quantity  used  in  the  rotative  engines  employed  in  mills.  It  was 
also  asserted  that  the  double  cylinder  engine  in  use  on  the  Con- 
tinent (but  chiefly  made  in  this  country)  was  performing  a  more 
satisfactory  duty  than  could  possibly  be  attained  by  the  single 
cylinder  low-pressure  engine. 

These  assertions,  often  repeated,  and  the  returns  of  Cornish 
engines,  published  from  year  to  year,  led  to  a  close  inquiry  into 
the  subject,  first  in  my  own  works  at  Manchester,  and  subse- 
quently before  the  British  Association  for  the  Advancement  of 
Science,  where  the  whole  question  was  ably  discussed,  and 
ultimately  led  to  a  better  system  of  working  in  factory  engines, 
with  a  saving  of  one-half  the  fuel  formerly  consumed  in  effect- 
ing the  same  quantity  of  work.  In  these  investigations  it  was 
found  that  the  compound  engine  had  no  advantage  over  the 
single  cylinder  engine,  as  constructed  by  Watt,  when  worked  at 
the  same  pressure  of  steam  and  the  same  rate  of  expansion ;  that 
is,  a  single  cylinder  engine  with  properly  constructed  valves, 
having  the  power  of  cutting  off  the  steam  at  any  point  of  the 
stroke,  is  quite  as  effective,  and  more  simple  in  construction, 
than  the  double  cylinder  engine.  It  is  true,  that  at  first  the 
double  cylinder  engine  had  an  advantage  over  the  single  cylinder 
engine  in  its  greater  uniformity  of  motion  ;  but  this  is  no  longer 
the  case,  as  an  increase  of  the  velocity  of  the  piston  from  240 
to  320  and  360  feet  per  minute  effectually  remedies  that  evil, 
and  increases  the  power  of  the  engine  in  the  ratio  of  the  increase 
of  speed. 

Thus  it  will  be  seen  that  a  great  change  has  come  over  the 
system  of  employing  steam  ;  the  pressure  is  quadrupled  in 
factory  engines,  and  more  thau  doubled  in  marine  engines. 
Every  engine  of  recent  construction  is  provided  with  boilers  of 
great  resisting  powers,  and  on  an  average  cuts  off  the  steam  in 
the  cylinder  at  one-fourth,  and  at  other  times  one-fifth  or  one- 
sixth  of  the  stroke,  the  steam  acting  by  expansion  alone  during 
the  remaining  three-fourths,  four-fifths,  or  five-sixths,  as  the 
case  may  be.  This  system  is  found  to  be  of  great  value,  as  the 
quantity  of  fuel  consumed  does  about  double  the  amount  of 
work  which  could  be  got  out  of  it  on  the  low-pressure  principle. 

The  important  results  already  obtained  by  a  judicious  system 
of  working  steam  expansively  has  given  a  powerful  stimulus  to 
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the  extension  of  our  commerce  and  manufactures ;  and  the  ques- 
tion naturally  arises,  whether  or  no  we  have  attained  the  full 
benefit  from  the  introduction  of  the  methods  of  working  now 
employed,  or  whether  we  may  not  reap  a  still  greater  advantage 
from  progressing  in  the  same  direction  and  using  steam  of 
higher  pressure,  expanded  to  still  greater  lengths  than  has  yet 
been  attained  in  our  present  practice.    This  is  a  question  which 
remains  for  solution,  and  it  appears  most  desirable  that  we 
should  ascertain  by  direct  experiments  to  what  extent  of  pres- 
sure and  expansive  action  we  may  safely  venture  with  perfect 
security  to  the  boilers  and  the  working  parts  of  the  engines. 
Assuming  for  a  moment  that  an  increased  pressure,  accompanied 
by  increased  expansion,  would  in  the  same  proportion  increase 
the  economy  of  working,  we  have  then  to  consider  the  capabili- 
ties of  our  vessels  for  resisting  those  pressures.    And  lastly,  the 
observation  of  the  action  of  steam  in  expanding  has  led  many 
to  expect  still  further  advantage  from  the  use  of  superheated 
or  gaseous  steam.    To  make  sure  progress  in  either  of  the 
directions  here  indicated  two  things  are  necessary :  we  must 
cultivate  a  more  intimate  acquaintance  with  the  resisting  powers 
of  materials  and  the  strength  of  vessels  of  different  forms, 
before  we  can  assure  ourselves  of  success ;  and  we  must  attain 
increased  and  increasing  knowledge  of  the  properties  of  the 
agent  we  employ  under  the  various  conditions  of  expansion 
and  superheating.    In  regard  to  the  first  of  these^  requisites  a 
steady  progress  has  been  made,  and  experimental  inquiries  have 
been  extensively  carried  on  in  regard  to  the  resisting  powers  of 
vessels  and  the  causes  of  their  failure,  and  the  difficulty  of  con- 
structing boilers  to  resist  very  high  pressures  has  been  greatly 
diminished.  Our  knowledge  of  steam  has  also  rapidly  increased, 
and  many  of  the  necessary  questions  relating  to  its  properties 
have  been  for  ever  set  at  rest  by  the  recent  and  classical  labours 
of  Regnault,  carried  on  at  the  instance  and  with  the  assistance 
of  the  French  Government.    The  questions  of  the  density  and 
law  of  expansion  of  steam,  however,  still  require  solution. 
They  have  been  investigated,  from  a  theoretical  point  of  view, 
with  considerable  success  by  Mr.  Rankine,  of  Glasgow.  The 
experimental  inquiry  I  have  undertaken  in  conjunction  with  my 
friend  Mr.  Tate,  and  a  part  of  the  results,  comprising  experi- 
ments up  to  a  pressure  of  60  lbs.  per  square  inch,  will  appear  in 
the  Transactions  of  the  Royal  Society.    We  are  now  preparing 
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to  enter  on  the  more  arduous  and  dangerous  task  of  ascertain- 
ing the  density,  volume,  &c.,  at  much  higher  pressures.  The 
accumulation  of  facts  on  this  subject,  bearing  directly  upon  the 
application  of  steam,  cannot  be  otherwise  than  acceptable  to  the 
general  reader ;  and  I  shall  therefore,  without  further  preface, 
insert  such  an  abstract  as  bears  directly  on  the  subject  under 
consideration. 

General  Laws  of  Vaporisation. 

When  a  liquid  is  heated  in  any  vessel,  its  temperature 
progressively  rises  up  to  a  certain  point,  at  which  it  becomes 
perfectly  stationary.  At  that  point  the  heat  continuously  ab- 
sorbed becomes  latent,  or  is  no  longer  registered  by  the  thermo- 
meter;  ebullition  commences,  and  vapour,  of  a  bulk  enormously 
greater  than  that  of  the  liquid  from  which  it  is  formed,  rises  in 
bubbles  and  fills  the  vessel.  In  this  condition  the  temperature 
of  the  liquid  is  perfectly  constant;  no  urging  of  the  fire  will 
cause  it  to  rise  ;  the  heat,  absorbed  continuously,  expands  itself 
in  effecting  that  change  in  the  state  of  aggregation  of  the  liquid 
which  we  know  as  vaporisation. 

This  remarkable  constancy  in  the  temperature  of  liquids 
undergoing  vaporisation  in  open  vessels  has  long  been  known 
and  applied  to  the  graduation  of  thermometers.  The  point  at 
which  a  liquid  boils  in  an  open  vessel  is  called  its  boiling  point. 
The  following  table  gives  the  boiling  points  of  some  of  the  more 
important  liquids : 

Boiliriff  P.  int 

Ftttjr.°  Authority 

Water   212*0 

Ether   i»4-8  .  .  .  Kopp 

Alcohol   173-1  .  .  .  Pierre 

Sulphuric  Acid       .       .       .  G4O0  .  .  .  Marignac 

Mercury   6C20  .  .  .  Kegnault 

We  have  said  that  the  boiling  point  of  a  liquid  is  constant 
when  in  an  open  vessel ;  that  is,  when  subject  to  atmospheric 
pressure.  If  we  change  the  pressure  the  temperature  of  ebul- 
lition changes  also.  Thus,  if  we  place  a  vessel  of  hot,  but  not 
boiling,  water  under  the  receiver  of  an  air  pump,  and  rapidly 
exhaust  the  air,  the  liquid  will  after  some  time  begin  to  boil, 
and  we  may  notice  that  the  lower  its  temperature  the  more  per- 
fect must  we  make  the  vacuum  before  ebullition  commences. 
Or  again,  if  water  be  subject  to  pressure  greater  than  that  of 
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the  atmosphere,  its  temperature  must  be  raised  higher  than 
212°  before  it  will  boil.  Experiment,  therefore,  shows  that  the 
boiling  point,  constant  at  the  same  pressure,  varies  at  different 
pressures,  rising  higher  as  the  pressure  increases,  and  vice 
versa. 

Strictly  speaking,  the  pressure  of  the  atmosphere  is  not 
always  the  same ;  it  varies  within  narrow  limits  from  day  to 
day ;  it  decreases  as  we  ascend  higher  into  it,  and  hence  there 
will  be  a  small  but  corresponding  variation  in  the  boiling  point 
at  different  times  and  places.  This  last  fact  has  afforded  the 
means  of  measuring  the  altitude  of  mountains,  by  determining 
the  difference  of  the  boiling  point  at  their  base  and  their 
summit.  Measuring  the  atmospheric  pressure  by  the  column  it 
supports  in  the  barometer,  we  may  draw  up  the  following  table 
of  the  relation  of  the  boiling  point  to  the  height  of  the  baro- 
meter column  and  the  altitude  of  the  observer,  assuming  that 
the  barometer  stands  at  29*922  inches,  and  water  boils  at  212° 
Fahr.  at  the  level  of  the  sea : 


Table  I.  —  Exhibiting  the  Influence  op  Changes  op  Atmospheric 
Pressure  on  the  Boiling  Point  of  Water,  and  the  Boiling  Point 

AT  DIFFERENT  ALTITUDES. 


neigbt  of 
Barometer  in 
Inches 

Altitude 
in  feet 

Boiling  Point 
of  Water 
Fahr. 

Height  of 
Barometer  in 
inches* 

• 

Altitude 
in  feet 

Boiling  Point 
of  Water 
Fahr. 

29-922 

0 

2120 

25-888 

3,926 

204  9 

29-396 

462 

21M 

25-468 

4,460 

204  0 

28-774 

933 

2100 

25014 

5,000 

2030 

28-559 

1,411 

209-3 

24-046 

6,111 

201-2 

27-840 

1,897 

208-5 

23-454 

7,263 

200-0 

27-348 

2,392 

207-6 

18-992 

13,700 

1900 

26-852 

2,895 

206-7 

15- 135 

18,000 

180-0 

26-372 

3,407 

205-8 

12145 

26,000 

170-0 

But,  besides  pressure,  certain  other  circumstances  exercise  a 
slight  but  sensible  influence  on  the  boiling  point.  In  a  glass 
vessel  the  boiling  point  of  water  is  about  2°  higher  than  in  a 
metal  one,  owing  apparently  to  some  adhesion  between  the 
glass  and  the  liquid.  Dr.  Miller  states  that,  if  the  glass  be 
varnished  with  shellac,  the  temperature  of  the  water  may  be 
raised  to  221°  in  the  open  air,  when  a  sudden  burst  of  steam 
will  take  place,  during  which  the  temperature  falls  to  212°. 
From  a  similar  cause  the  presence  of  salts  in  solutions  raises  the 
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boiling  point  in  some  cases  considerably.  A  saturated  "solution 
of  common  salt  boils  at  227°  Fahr.,  and  a  saturated  solution  of 
chloride  of  calcium,  which  has  an  enormous  affinity  for  water, 
does  not  boil  at  a  less  temperature  than  855°  Fahr. 

There  is  yet  one  other  remarkable  condition  of  evaporation 
which  should  be  noticed  here.  If  water  be  dropped  upon  a 
clean  metallic  surface  heated  sufficiently  high,  instead  of  enter- 
ing into  ebullition,  it  assumes  a  globular  form,  and  rolls  about 
very  slowty  and  quietly  evaporates.  This  condition,  known  as 
the  spheroidal  state,  has  been  investigated  by  M.  Boutigny. 
He  finds  that  the  temperature  of  the  liquid  globule  never  rises 
so  high  as  its  boiling  point,  being  indeed  usually  5°  to  10°  below 
it;  that  the  temperature  of  the  plate  necessary  to  cause  the 
spheroidal  state  varies  with  different  liquids,  and  depends  in 
part  on  the  conducting  power  of  the  plate  ;  and  he  considers  the 
temperature  of  the .  spheroid  to  be  constant,  being  for  water 
205°-7,  for  alcohol  167°'9,  and  for  ether  93°-6. 

If,  whilst  the  spheroid  is  rolling  upon  the  metal  plate,  the 
temperature  of  the  plate  is  allowed  to  fall  below  a  certain  tem- 
perature (340°  for  water),  the  spheroid  breaks,  and  is  suddenly 
dispersed  in  vapour. 

The  temperature  of  the  vapour  rising  from  a  liquid  is  neces- 
sarily identical  with  that  of  the  liquid  from  which  it  rises,  ex- 
cept in  those  cases*  in  which  the  boiling  point  has  been  affected 
by  adhesion,  when  the  vapour  at  once  adjusts  itself  to  the 
normal  temperature  at  that  pressure. 

So  long  as  vapour  is  in  contact  with  the  liquid  from  which  it 
has  been  formed,  its  temperature  continues  the  same  as  that  of 
the  liquid ;  for  if  it  be  heated  it  takes  up  fresh  liquid,  and  the 
temperature  falls  from  the  absorption  of  the  heat  rendered  latent 
until  the  normal  temperature  of  the  boiling  point  is  regained. 

The  Vaporisation  of  Water  and  the  Formation  of  Steam. 

The  temperature  at  which  water  boils  is  therefore  constant 
at  each  pressure,  and  in  consequence  the  temperature  of  the 
steam  itself,  when  in  contact  with  water,  is  constant  at  each 
pressure.  The  relation  between  the  temperature  and  pressure 
of  steam  has  been  ascertained  by  experiment. 

When  in  contact  with  the  water  producing  it,  steam  is  at  the 
maximum  density  consistent  with  that  temperature  and  pres- 
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sure,  and  is  then  called  saturated  steam,  or  vaporous  steam, 
and  its  temperature  is  called  the  maximum  temperature  of 
saturation  at  the  given  pressure.  Usually  when  the  pressure 
of  steam  is  spoken  of,  the  pressure  of  saturated  steam  is  in- 
tended. 

When  isolated  from  the  water  producing  it  and  heated,  the 
steam  expands,  and  decreases  in  density  if  the  pressure  be  con- 
stant, or  if  the  volume  be  constant  it  increases  in  pressure  ;  it 
is  then  called  variously  anhydrous,  gaseous,  or  superheated 
steam.  The  rate  of  expansion  of  superheated  steam  must  be 
determined  by  experiment. 

By  the  density  of  steam  we  mean  the  relative  weight  of  a 
unit  of  volume.  The  specific  volume  of  the  steam  is  the  reci- 
procal of  the  density,  or  the  ratio  of  the  volume  of  the  steam  to 
that  of  the  volume  of  water  which  produced  it.  The  density  of 
saturated  steam  is  constant  at  each  temperature,  and  must  be 
determined  by  experiment. 

The  latent  heat  of  evaporation  of  steam  is  the  quantity  of 
heat  which  disappears  in  effecting  the  conversion  of  the  water 
into  vapour,  or  which  reappears  in  the  condensation  of  the 
steam.  The  latent  heat  of  evaporation  added  to  the  sensible 
heat,  or  heat  required  to  raise  the  temperature  of  the  water  up 
to  the  temperature  of  ebullition,  is  called  the  total  heat  of  the 
steam. 

• 

The  Relation  between  the  Pressure  and  Temperature 
of  Saturated  Steam. 

Probably  the  earliest  experiments  on  this  subject  were  made 
by  Watt,*  who  tells  us  that  when  inventing  the  separate  con- 
densation he  made  some  trials  (in  1774)  from  which  he  con- 
structed a  curve,  of  which  the  ordinates  represented  the  pres- 
sures, and  the  abscissa?  the  temperatures  of  the  steam,  and  thus 
enabled  him  to  calculate  the  one  from  the  other  at  sight,  with 
sufficient  accuracy  for  his  purposes.  Watt  first  surmised  that 
the  elastic  force  or  pressure  of  the  steam  increased  in  a  geome- 
tric progression  for  temperatures  increasing  in  an  arithmetical 
progression. 

Robison  f  made  experiments   upon  the  same  subject  at 

*  Muirhcad's  Life  of  Watt,  p.  7*». 

f  Mechanical  Philosophy,  vol.  ii.  p.  23. 
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elevated  temperatures,  ascertaining  the  temperature  at  which 
the  steam  began  to  blow  off  from  a  safety  valve  loaded  with 
weights — a  proceeding  susceptible  of  little  accuracy.  Dal  ton,* 
however,  was  more  successful  in  devising  an  accurate  method, 
lie  employed  a  barometer  carefully  purged  of  air, 
into  which  he  introduced  a  small  quantity  of  147. 
water.  The  barometer  was  surrounded  by  an  * 
outer  water  bath,  by  which  the  vapour  in  its  cham- 
ber was  heated  to  various  temperatures.  The 
mercury  in  the  barometer  tube  adjusted  itself  so 
as  to  be  in  equilibrium  at  each  temperature  be- 
tween the  pressure  of  the  atmosphere  on  the  outside 
and  the  pressure  of  the  vapour  within,  and  the 
column  fell  as  the  temperature  rose  to  an  extent 
which  is  an  exact  measure  of  the  pressure  of  the 
vapour  within.  The  difference  of  height  of  an  or-  i-ty^i 
dinary  barometer  and  the  barometer  containing  the 
water  gives  directly  the  pressure  of  the  steam,  so 
that  by  a  series  of  careful  measurements  of  a  humid 
barometer  and  an  ordinary  dry  barometer,  the  pres- 
sures corresponding  to  various  temperatures  may 
be  observed. 

This  method,  under  various  modifications,  has 
been  frequently  employed,  both  for  water  and  other 
liquids,  at  pressures  which  are  less  than  that  of  the 
atmosphere.  The  chief  difficulty  is  to  maintain 
the  liquid  in  the  bath,  by  which  the  barometer  is 
heated,  at  a  uniform  temperature,  and  to  prevent 
it  from  dividing  into  strata  unequally  heated.  To 
obviate  this,  the  temperature  may  be  observed  at 
various  depths  and  the  arithmetical  mean  taken  ;  or  the  length 
of  the  barometer  may  be  decreased  as  the  temperature  rises  ; 
or  a  barometer  with  two  limbs  may  be  employed,  as  in  the  re- 
searches of  Dr.  Ure ;  or,  lastly,  the  varying  temperature  of  the 
atmosphere  may  be  substituted  for  that  of  the  liquid  bath,  as 
in  the  experiments  of  Kaemtz,f  intended  to  supply  data  for 
meteorological  purposes,  which  extended  over  a  period  of  two 
years,  and  ranged  from  —  15°  to  +  80°  Fahr. 

*  Memoirs  of  the  Manchester  Literary  and  Philosophical  .Society,  vol.  xv.  p.  40i>; 
New  Series,  vol.  v.  p.  553. 

t  Traite  fa  Mot6orologic,  vol.  i.  p.  2'.»0. 
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Fig.  148. 


Dr.  Ure's*  modification  enables  the  experiments  to  be  carried 
to  pressures  higher  than  that  of  the  atmosphere.  The  space  in 
the  barometer  tube  occupied  by  the  vapour  need  never  be  large, 
and  the  increase  of  elastic  force  is  measured  by  the  quantity  of 
mercury  which  must  be  added  to  a  second  limb  of  the  barometer 
in  order  to  maintain  the  quicksilver  in  the  first  at  a  constant 
level.    Thus,  in  fig.  148,  a  b  c  is  the  bent  barometer  tube  for 

experiments  above  the  atmospheric  pressure, 
the  shorter  limb  being  enclosed  in  a  glass 
vessel,  which  can  be  filled  with  oil  and  heated 
progressively  to  any  required  temperature. 
Fine  rings  of  platinum  wire  are  firmly  fixed 
round  the  tubes  at  the  level  d  d,  and  as  the 
temperature  rises  the  mercury  in  the  limb  in 
the  bath  is  maintained  at  this  level  by  add- 
ing mercury  in  the  other  limb,  when  the 
column  d  e,  supported  by  the  steam,  measures 
its  elastic  force. 

Dalton,  whose  experiments  were,  on  the 
whole,  accurate,  inferred,  from  the  results 
which  he  obtained  with  water  and  alcohol,  that 
the  tension  cf  all  vapours  was  equal  at  tem- 
peratures equally  distant  from  their  boiling 
points  under  atmospheric  pressure.  This  law,  which  has  since 
borne  his  name,  has  not  been  confirmed  by  experiments  on  a 
larger  number  of  liquids.  For  many  liquids,  however,  it  is  nearly 
true,  at  small  distances  above  the  boiling  point.    Thus  : 


Degrees  from  the 

KlMtidty  in  inc 

he*  of  Merc 

boiling  Point 
Fahr.0 

Water 

Alcohol 

+  30 

52-90 

66-60 

50(H) 

+  20 

U*06 

46-30 

42-64 

+  10 

36-47 

3700 

35-20 

0 

30-00 

3000 

3000 

-  10 

L'4-50 

24-20 

24-70 

In  the  above  table  the  boiling  point  of  water  is  212°,  of 
alcohol  173°,  and  of  ether  104°. 

The  following  table  gives  a  few  of  Dalton's  results  for  com- 
parison with  those  of  other  experimenters  which  will  be  given 
presently : 

♦  Phil.  Trans.,  1818,  p.  338. 
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Table  II.— Elastic  Force  of  the  Vapour  of  Water,  according  to  Daltox. 


Temperature 
Fubr.0 

Elastic 
In  inches  Mercury 

Force  of  Vapour 

In  lbs.  per  square  inch 

0 

066 

033 

10 

•05)0 

045 

20 

•129 

•064 

40 

•263 

•131 

60 

•524 

•262 

80 

1-000 

•500 

100 

1-86 

•03 

160 

742 

3-71 

212 

30-00 

15-00 

In  1823  the  French  Government,  then  legislating  on  the 
subject  of  steam,  and  requiring  some  further  knowledge  of  its 
properties,  entrusted  to  the  French  Academy  the  conduct  of 
some  important  experiments  on  this  subject.  The  Academy 
appointed  a  Commission,  consisting  of  MM.  Prony,  Arago, 
Girard,  and  Dulong,  to  investigate  the  subject,  and  their  report 
was  published  in  the  Memoirs  of  the  Academy  for  1831.*  The 
experiments  detailed  in  this  report  were  made  chiefly  by  MM. 
Dulong  and  Arago,  by  a  new  method,  and  with  all  the  care  and 
accuracy  which  was  possible  in  the  state  of  science  at  the  time. 
They  were  also  on  a  scale  which  is  only  possible  where  private 
effort  is  seconded  by  the  munificence  of  the  Government. 

Their  apparatus  consisted  of,  1st,  a  boiler  to  generate  the 
steam  ;  2nd,  a  manometer  to  measure  the  pressure. 

The  pressure,  which  extended  to  twenty-four  atmospheres, 
was  in  fact  measured  by  the  column  of  mercury  it  would  support 
in  an  open  glass  tube ;  but,  as  the  length  of  tube  necessary  for 
this  purpose  rendered  it  very  inconvenient,  they  employed  an 
intermediate  measurer,  consisting  of  a  closed  air  manometer, 
graduated  by  experiment  with  the  open  mercury  column.  At 
the  centre  of  the  tower  of  the  ancient  church  of  St.  Genevieve 
they  erected  a  firmly  supported  wooden  column,  to  which  they 
attached  the  glass  tubes  containing  the  mercury  column.  These 
tubes,  thirteen  in  number,  were  each  6£  feet  in  length,  so  that 
the  mercury  column  for  the  graduation  of  the  manometer  could 
be  as  much  as  86  feet  in  height,  corresponding  to  a  pressure  of 
thirty  atmospheres,  or  450  lbs.  per  square  inch.  This  column 
was  adjusted  precisely  vertical,  and  communicated  with  a  cistern, 
containing  100  lbs.  of  mercury.  The  manometer,  which  con- 
sisted of  a  carefully  dried  glass  tube,  closed  at  the  upper  ex- 

*  M6moires  de  Tlnstitut,  torn.  x.  p.  194;  and  Annales  de  Chimie  et  de  Physique, 
torn,  xliii.  p.  74. 
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tremity,and  67  inches  long,  communicated  with  the  same  cistern, 
and  was  maintained  at  a  uniform  temperature  by  a  stream  of 
water  circulating  round  it.  The  height  of  its  mercury  was  read 
by  means  of  a  vernier,  similar  to  that  of  a  standard  barometer. 
It  is  easy  to  see  how,  by  means  of  a  force  pump,  the  pressure  in 
the  cistern  of  mercury  could  be  increased  at  pleasure,  and  how 
the  pressure  could  be  registered  by  reading  off  simultaneously 
the  height  of  the  mercury  in  the  open  tube  and  its  corresponding 
level  in  the  manometer.  When  the  value  of  the  divisions  of  the 
manometer  has  been  thus  determined  up  to  twenty-seven 
atmospheres,  it  became  an  instrument  for  measuring  pressure 
of  as  great  accuracy  and  delicacy  as  could  be  desired. 

The  boiler  for  generating  the  steam  was  of  a  capacity  of 
17*6  gallons,  to  ensure  a  uniform  temperature,  and  communi- 
cated with  the  manometer  by  a  tube  filled  with  water,  cooled  by 
a  refrigeratory  apparatus.  The  temperature  was  measured  by 
means  of  mercurial  thermometers,  placed  in  thin  metal  tubes, 
containing  mercury,  to  protect  them  from  pressure. 

The  boiler  being  charged,  and  a  convenient  quantity  of  fuel 
introduced  into  the  furnace,  the  temperature  was  allowed  to  rise 
until  it  nearly  attained  a  maximum.  A  series  of  readings  were 
then  taken  simultaneously  from  the  manometer  and  four  ther- 
mometers, until  the  temperature  passed  its  maximum,  and  began 
sensibly  to  decrease.  The  readings  at  the  maximum  were  alone 
retained  for  calculation.  Fresh  fuel  was  then  added,  and  a 
second  experiment  obtained. 

The  method,  carried  out  with  the  skill  for  which  MM.  Arago 
and  Dulong  have  earned  so  high  a  reputation,  possesses  most  of 
the  essentials  of  complete  accuracy.  Its  chief  defect,  as  M. 
Regnault  has  pointed  out,  lies  in  this,  that  when  the  pressure 
and  temperature  are  changing,  however  slowly,  it  is  impossible 
to  be  absolutely  certain  that  the  thermometers  have  followed 
that  change  with  the  necessary  rapidity,  and  that  they  do  really 
register  the  temperature  at  the  time  the  observation  is  made. 
There  is  in  these  experiments  one  other  source  of  possible  error, 
namely,  the  use  of  the  mercurial  thermometer,  which,  in  the 
higher  parts  of  its  scale,  does  not  possess  the  accuracy  necessary 
in  experiments  of  this  nature.  Be  this  as  it  may,  these  experi- 
ments are  of  high  value  and  permanent  importance.  The  results 
obtained  in  thirty  experiments  are  given  in  Table  IV.  on  next 
page. 

Next  to  the  experiments  of  the  French  Academy,  the  most 
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important  experiments  on  the  relation  of  temperature  and 
pressure  of  steam  were  those  of  the  Franklin  Institute  in 
America.  They  differed  considerably  from  those  of  the  French 
physicists,  and  are  probably  less  reliable.  The  following  table 
gives  an  abstract  of  the  results  : 


Table  III.— Elastic  Force  op  Steam  from  the  Experiments  op  the 

Franklin  Institute. 


^PiTBiure  in 

Temperature  In 

rWW  in 

Temperature  In 

^Pressure  in 

Temperature  in 

degrees  Fahr. 

degree*  Fahr. 

decree*  Fahr. 

1 

212 

? 

2985 

8 

o 

336 

u 

235 

304-5 

84 

340} 

2 

250 

9 

310 

9 

345 

2* 

264 

315*5 

9« 

349 

3 

275 

? 

321 

10 

352$ 

H 

281 

326 

4 

291-5 

331 

Table  TV.— Results  op  MM.  Arago  and  Dulong's  Experiments  on  the 
Relation  op  Pressure  and  Temperature  op  Saturated  Steam. 


No.  ot 
Experi- 
ment 

Temperature  observed 
Cant. 

Pmall  Largo 

Thermometer  Thermometer 

1 

Mean  Temper- 
aturc  reduced 
to  Fahr.  Scale 

Elastic  force 
of  Steam  in 
Metres  of 
Mercury  at 
0°  C. 

Elastic  force 
In  inches  of 
Mercnry. 

Elastic  force 
in  Atmo- 
spheres of 

28-W2  inches 

1 

122-97 

123-7 

253-99 

1-62916 

64141 

214 

2 

132-58 

132-82 

270-86 

21767 

85-698 

2-87 

3 

132-64 

133-3 

271-34 

21816 

85-891 

2-88 

4 

137-70 

138-3 

280-40 

2-5386 

99-947 

3-348 

5 

149-54 

149-7 

301-31 

3-4759 

136-85 

4-584 

6 

151-87 

151-9 

305-38 

3-6868 

14515 

4-86 

7 

153-64 

153-7 

308-60 

3-881 

152-80 

6-12 

8 

16300 

163-4 

315-76 

4-9383 

194-42 

6-61 

9 

168-40 

168-5 

335-21 

6-6054 

220-69 

7-391 

10 

169-57 

169-4 

337-06 

6-7737 

227-31 

7-613 

11 

171-88 

172-34 

341-79 

6151 

242  17 

8-114 

12 

180-71 

180-7 

357  26 

7-5001 

295-29 

9-893 

13 

183-70 

183-7 

362-66 

8-0362 

316-35 

10-60 

14 

186-80 

187-1 

366-51 

8*6995 

342-51 

11-48 

15 

188-30 

188-5 

37112 

8-840 

34804 

11-66 

16 

193-70 

193-7 

380-66 

9-9989 

393-66 

1319 

17 

198-55 

198-5 

389-33 

11019 

432-83 

14-53  < 

18 

202-00 

201-75 

395-36 

11-862 

46702 

15-65 

19 

203-40 

204- 17 

398-80 

12-2903 

483-88 

16-21 

20 

206- 17 

206- 10 

403  03 

12-9872 

511-32 

1713 

21 

206-40 

206-8 

403-88 

13061 

514-22 

17-23 

22 

20709 

207-4 

405-03 

131 276 

516-84 

17-30 

23 

208-45 

208-9 

407-62 

13-6843 

538-76 

18-05 

24 

209- 10 

209  13 

408-39 

13-769 

642  10 

1816 

25 

210-47 

210-5 

410-86 

140634 

552-41 

18'55 

26 

21507 

215-3 

419-32 

15-4995 

610-23 

20-44 

27 

217-23 

217-5 

423-25 

16- 1528 

635-95 

21-31 

28 

218-3 

218-4 

42503 

16-3816 

644-96 

21-60 

29 

220-4 

220  8 

42908 

17- 1826 

676-50 

22-66 

30 

223-88 

224  15 

435-22 

18-1894 

71613 

I  23-994 
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The  experiments  of  Arago  and  Dulong  give  a  temperature  of 
358°*88  Fahr.  for  a  pressure  of  ten  atmospheres,  or  60,38  higher 
than  that  of  the  American  Institute.  This  notable  difference, 
too  great  to  be  merely  accidental,  Regnault,  whose  experience 
in  the  matter  entitles  him  to  speak  with  certainty,  attributes  to 
the  use  of  mercurial  thermometers,  which,  although  agreeing 
perfectly  between  32°  and  212°,  often  present  at  elevated  tem- 
peratures a  difference  of  many  degrees.  Regnault's  own  experi- 
ments give  356*54  on  the  air  thermometer  as  the  temperature 
at  the  pressure  of  ten  atmospheres,  which  is  2°*34  lower  than  the 
French  Academy,  and  4°  higher  than  the  Franklin  Institute. 
As  at  this  temperature  the  mercurial  thermometer  gives  higher 
indications  than  the  air  thermometer,  MM.  Arago  and  Dulong's 
experiments  appear  the  most  reliable. 

The  uncertainty  arising  from  the  discordance  of  the  numerical 
results  of  the  different  physicists  who  had  studied  this  question, 
and  especially  the  difference  above  noted,  called  for  a  new  in, 
vestigation. 

The  experiments  of  M.  Regnault  on  the  reliability  of  the 
various  instruments  employed  in  measuring  the  temperature,  led 
him  to  the  conclusion  that  at  elevated  temperatures  the  indica- 
tions of  different  mercurial  thermometers  were  too  variable  to  be 
trusted,  unless  they  were  made  of  the  same  description  of  glass, 
and  that  even  in  that  case  they  required  reduction  to  the  absolute 
temperature  of  the  air  thermometer.  The  following  table  gives 
some  of  the  results  obtained  : 


Temperatures  by  Mercurial  Thermometers 

Temperature  by 

the  Air  Iher- 

■ 

Green  Glass 

Swedish  Glass 

100° 

100° 

100° 

100° 

HKP 

180 

130-20 

129*01 

130- 14 

13007 

150 

150- 10 

141) -80 

150-30 

150- 15 

180 

180-80 

1 7!»-f>3 

180-0O 

180-33 

200 

20125 

1SM1-70 

200-80 

20050 

250 

253-00 

25005 

251-85 

251-44 

300 

305-72 

301-08 

350 

360*0 

351-00 

The  above  numbers  are  in  Centigrade  degrees.  They  show 
for  the  thermometer  of  ordinary  glass,  when  its  indications  are 
reduced  to  Fahrenheit's  scale,  the  following  divergences  from 
the  true  temperature  shown  by  the  air  thermometer : 
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Temperature  by  Air  Temperature  by  Mercurial 

J  h«  ruiomctcr  Thermometer 
Fahr.°  Fahr.° 

302  301-64 

392  891*46 

482  48209 

572  673-94 

f»62  669-20 

To  M.  Regnault  the  French  Government  committed,  on  the 
proposition  of  M.  Legrand,  the  task  of  carrying  on  a  series  or 
experiments  to  determine,  with  the  greatest  precision,  the  prin- 
cipal laws  and  numerical  data  which  enter  into  the  calculation 
of  the  duty  of  steam  engines,  and  supplied  the  funds  for  fulfilling 
its  intentions  on  a  scale  such  as  would  have  been  impossible  in 
any  private  enterprise.  The  papers,  which  were  the  result  of 
this  munificence,  are  amongst  the  most  important  in  the  recent 
history  of  science.  They  cover  a  large  ground,  and  possess  a 
precision  and  completeness  before  scarcely  ever  attained  in 
researches  of  this  kind. 

In  relation  to  the  steam  engine,  the  most  important  questions 
which  M.  Regnault  has  set  himself  to  solve,  are  :  1st.  The  elastic 
force  of  the  vapour  of  water,  both  at  pressures  lower  than  that  of 
the  atmosphere,  and  at  high  pressures  up  to  400  lbs.  per  square 
inch.  2nd.  The  latent  heat  of  the  vapour  of  water  through  a 
similar  range  of  temperature  and  pressure.  3rd.  The  specific 
heat  of  liquid  water.  The  laws  of  the  density  and  expansion  of 
steam,  it  will  be  observed,  Regnault  did  not  touch  ;  but,  on  the 
subjects  above  named,  his  researches  are  not  likely  to  be  super- 
seded in  accuracy  or  extent. 

To  ascertain  the  relation  of  temperature  and  volume  of  steam 
at  low  temperatures,  Regnault  adopted  the  plan  of  employing 
two  barometers,  placed  side  by  side,  under  precisely  similar 
circumstances,  into  one  of  which  was  introduced  a  portion  of 
water  perfectly  freed  from  air.  The  upper  part  of  these  baro- 
meters was  surrounded  by  a  large  bath  of  water,  maintained  by 
agitation  at  a  constant  temperature.  The  difference  of  level  of 
the  mercury  in  the  humid  and  dry  barometers  gave  directly  the 
elasticity  of  the  steam  at  the  temperature  of  the  bath. 

Fig.  149  shows  one  of  the  forms  of  apparatus  employed.  The 
two  barometers  eg,  o  k,  were  plunged  into  the  same  cistern  v,  and 
maintained  vertical  against  a  firm  board.  In  the  form  shown, 
the  moist  barometer  e  g  communicated  with  a  glass  globe  a,  of 
a  capacity  of  80  cubic  inches,  and  exhausted  of  air  by  means  of 
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an  air  pump,  after  which  the  tube  I  was  hermetically  sealed, 
the  tension  of  the  air  remaining  was  accurately  ascertained,  and 
did  not  exceed  1  to  2  millimetres.  The  bath  of  galvanised  iron 
v  v  was  of  a  capacity  of  about  2,746  cubic  inches  ;  over  a  rect- 
angular opening  opposite  the  barometers  the  plate  of  glass  e  o 
was  fixed,  and  through  this  the  readings  were  taken,  after  the 

Fig.  149. 


error  arising  from  refraction  had  been  determined.  By  means 
of  a  lamp  placed  underneath,  a  constant  temperature  could  be 
maintained  in  this  bath  as  long  as  was  necessary  to  take  a  series 
of  readings.  When  these  were  complete,  water  was  withdrawn 
from  the  bath  and  replaced  by  boiling .  water ;  then,  when  a 
constant  temperature  was  again  arrived  at,  a  new  series  of 
readings  could  be  obtained. 
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These  methods  answered  with  perfect  accuracy  up  to  about 
150°  Fahr. ;  above  this  the  tendency  of  the  water  to  separate  into 
strata  of  unequal  temperature  began  to  manifest  itself  so  as  to 
introduce  errors  into  the  experiments.  Regnault,  therefore,  had 
recourse  to  the  plan  of  observing  the  temperature  at  which 
water  boils  at  determined  pressures.  This  was  the  proceeding 
adopted  by  Arago  and  Dulong,  but  with  a  new  precaution. 
Those  physicists  were,  by  the  method  they  adopted,  compelled  to 
regulate  their  experiments  by  the  condition  of  their  fire,  so  that 
it  was  impossible  to  maintain  a  constant  temperature  for  any 
great  length  of  time.  By  adding  to  their  apparatus  a  large 
vessel  containing  air  and  acting  as  an  artificial  atmosphere, 
together  with  some  large  air  pumps,  by  which  the  pressure  on 
the  water  could  be  predetermined  and  maintained  perfectly 
constant,  Regnault,  in  fact,  obtained  means  for  regulating  his 
experiments  altogether  independently  of  the  furnace ;  for  the 
temperature  of  ebullition,  we  have  already  seen,  is  perfectly 
constant  under  a  constant  pressure.  The  conditions  were  iden- 
tically those  of  water  boiling  in  air. 

Fig.  150  shows  the  larger  of  the  two  forms  of  apparatus  em- 
ployed in  the  experiments  on  the  elasticity  of  steam  at  high 
temperatures. 

It  consists  of  a  boiler,  condensing  tube,  artificial  atmosphere, 
mercurial  manometer,  and  an  air  pump.  The  boiler  b  is  of  red 
copper,  of  13-7  inches  diameter,  and  123  pints  capacity.  The 
cover  carries  two  tubes,  in  which  were  placed  mercurial  ther- 
mometers protected  from  pressure,  and  a  third  for  an  air 
thermometer.  The  boiler  was  strengthened  by  iron  rings 
bolted  round  it.  The  refrigerator  r  sof  a  copper  tube  5  feet 
long,  communicating  with  the  boiler,  surrounded  by  a  larger 
tube,  was  arranged  so  that  a  continuous  stream  of  cold  water 
flowed  into  the  funnel  /,  and  away  by  the  siphon  *.  The  reser- 
voir of  air  forming  the  artificial  atmosphere  for  maintaining 
a  constant  pressure  was  formed  of  a  cylinder  c,  of  62  gallons 
capacity,  and  riveted  and  brazed  so  as  to  be  perfectly  air-tight. 
The  manometer  for  ascertaining  the  pressure  consisted  of  an 
open  mercurial  column  in  every  instance,  than  which  no  more 
perfect  instrument,  or  one  more  free  from  corrections  depending 
on  theoretical  calculations,  could  be  devised.  The  indications 
are  of  equal  sensitiveness  at  all  pressures,  instead  of  continually 
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decreasing  in  value,  as  in  the  ordinary  compressed  air  gauge 
employed  by  Arago  and  Dulong. 

This  manometer  is  not  shown  in  the  sketch,  but  it  consisted 
of  a  cistern  of  mercury  with  a  pipe  attached  having  four  open- 
ings ;  one  of  these  was  usually  closed ;  the  other  three  were 
for  the  attachment  of  glass  tubes  to  contain  the  mercury 
columns  in  the  various  experiments  in  which  this  apparatus 
was  employed.  The  column  open  to  the  atmosphere  consisted 
of  ten  to  twenty-two  glass  tubes,  nearly  10  feet  long  and  -fa  inch 
bore.  These  were  carefully  connected  together  to  form  a  column 
perfectly  vertical,  and  from  40  to  80  or  more  feet  in  height,  as 
required,  being  supported  against  a  vertical  wall.  Up  to  fifteen 
atmospheres  the  levels  were  taken  by  two  cathetometers ;  for 


higher  pressures  the  glass  tube  itself  was  graduated  into  milli- 
metres. 

The  air  pump  for  maintaining  the  artificial  atmosphere  in 
the  large  cylinder  c  consisted  of  three  single-acting  cylinders, 
each  discharging  42  cubic  inches  per  stroke. 

To  measure  the  temperature  two  mercurial  thermometers  1 1, 
perfectly  accordant,  and  aii  air  thermometer,  were  employed  ; 
the  latter  consisting  of  a  thin  glass  cylinder  of  about  1-17  inch 
diameter,  and  11*7  inches  long.  This  communicated  by  the 
capillary  tube  e  e  with  the  manometer  g  h.  The  capacity  of  the 
air  thermometer,  its  temperature,  and  the  pressure,  were  there- 
fore known,  and,witli  the  corrections  which  M.  Eegnault  applied, 
he  considers  that  it  indicated  sensibly  ^th  of  a  degree. 
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It  will  be  evident  how,  with  this  apparatus,  a  continuous 
and  energetic  ebullition  was  maintained  in  the  boiler  b,  under 
any  pressure  at  which  the  observer  wished  to  determine  the  tem- 
perature of  the  steam.  Condensation  went  on  at  the  same  time 
with  a  corresponding-  rapidity  in  the  cooling  apparatus  r  r  ; 
the  pressure  being  maintained  constant  by  the  air  pump,  the 
thermometers  would  in  time  become  identical  in  temperature 
with  the  steam  in  the  boiler  b  ;  simultaneous  observations  at 
this  period  of  the  thermometers  and  the  manometer  gave  the 
relation  of  temperature  and  pressure  which  was  required. 

We  have  now  described  all  the  principal  methods  by  which 
it  has  been  sought  to  determine,  experimentally,  the  relation  of 
the  pressure  and  temperature  of  saturated  steam.  It  is  necessary 
that  we  should  next  consider  how  they  may  be  expressed  in  a 
formula  suitable  for  calculation. 

The  law  to  which  Watt  was  led,  and  which  is  usually  known 
as  Dalton's,  from  the  care  with  which  he  verified  it,  so  far  as 
his  experiments  went,  i3  that  which,  in  general  terms,  most 
nearly  expresses  this  relation ;  it  is,  that  the  elastic  force  of 
vapours  increases  in  a  geometrical  progression,  for  a  series  of 
temperatures  increasing  in  an  arithmetical  progression,  and 
many  of  the  formulae  which  have  been  constructed  to  express  the 
results  of  experiments  have  been  based  upon  it.  Strictly  speak- 
ing, it  is,  however,  only  an  approximate  expression  of  the  true 
law. 

One  of  the  earliest  and  best  of  the  formuhe  which  have  been 
proposed,  is  that  first  applied  to  steam  by  M.  Prony,  of  the  form 

P  =  a  a1  +        -f  cyt  +  ...  (1) 

where  f  is  the  elastic  force  and  t  the  temperature.    The  other 
quantities  are  constants  derived  from  experiment.    This  for- 
mula is  accurate,  but  requires  a  large  amount  of  calculation. 
Dr.  Young  proposes  the  formula 

F  =  (a  +  U)m-  (2) 

which  has  been  the  basis  of  several  formulae  employed  for  inter- 
polation by  physicists.  Thus  MM.  Arago  and  Dulong  give  from 
their  own  experiments  the  following  constants : 

e  =  (1+0-7153  t)5  ...  (3) 

where  e  expresses  the  elasticity  in  atmospheres  of  29*922  inches 
of  mercury  j  T  the  temperature  in  Centigrade  degrees  reckoned 
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from  100°,  positive  above  that  point  and  negative  below,  taking 
for  unity  an  interval  of  100°.  For  pressures  greater  than  one 
atmosphere  this  formula  is  satisfactory,  but  it  deviates  greatly 
from  experiment  at  lower  pressures ;  at  the  same  time  it  has 
a  great  simplicity. 

The  formula  proposed  by  the  Franklin  Institute  was  of  the 
same  kind,  the  constants  being 

a  -  (-00333  t  +  1)6...  (4) 

where  e  is  the  pressure  in  atmospheres  of  30  inches  of  mercury, 
and  t  the  excess  of  the  temperature  above  212°  in  Fahrenheit. 
This  formula  also  does  not  apply  below  atmospheric  pressure 
with  accuracy.    For  calculation  we  may  write  it, 

log  a  =  6  log  {-00333  (1-212°)  + 1}  ...  (5), 
and  for  calculating  the  temperature  from  the  pressure 

•00333  v  ' 

Another  form  of  expression  was  given  by  M.  Biot  in  1844,  viz. 

logp  m  a  +  fca'-f  c£* ...  (7). 
The  constants  for  this  formula  M.  Regnault  has  calculated 
from  the  following  value*?,  obtained  from  the  graphic  curve, 
which  represented  his  experiments  : 

/0  =      0q  p0  =      4-60  mm. 

t{  =    25  Pj  =  23-55 

tt  -    50  Ft  =  91-98 

tz  =    75  f3  =  288-50 

tA  =  100  p4  =  760-00 

whence  he  deduced 

log  at  =  0-0068C5036 
log£,  =  F9967249 
log  b   =  2-1340339 
logc  =  0-6116485 
a  =+4-7384380 

where  the  third  term  c  is  negative.  Between  0°  and  100° 
Centigrade,  this  expresses  M.  Regnault's  results  with  very  great 
exactness.  Above  this  temperature,  it  gives  results  which  be- 
come sensibly  different  from  those  of  experiment. 

For  temperatures  between  100°  and  230°  Centigrade,  M. 
Regnault  obtained  the  following  values  for  the  constants  in  M. 
Biot's  formula ; 
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For  the  Air,  Thermometer 
log  a,  =  f-997412127 
log£,  =  0-007590697 
log  b  =  0;41 21470 
log  c  =  3-7448901 
a   =  5-4583895 


For  the  Mercurial  Thermometer 

=  1-997443007 

=  0-01182377 

=  0-4163766 

=  49731198 

=  5-4882878 


Where  in  the  formula  the  second  term  is  negative,  and 

log  P  =  a-b  a,*  +  c  £  *  ...  (8) 
x  =  f-100° 

which  gives  the  relation  of  temperature  in  Centigrade  degrees 
and  pressure  in  millimetres.  The  mercurial  thermometer  was 
constructed  of  crystal  of  Choisi-le-Roi. 

Mr.  Rankine,  in  1849,  urged  some  theoretical  objections  to 
the  formulae  employed  by  M.  Regnault,  and  proposed  the  fol- 
lowing : 

logi>-A-B--2....  (9) 

when  t  =  T-f  461°*2  Fahr. 

The  constants  for  this  formula  are 


giving  p  in  lbs.  per  square  foot. 


A 

8-2591 

log  B 

3-43642 

logc 

5-59873 

B 

2c 

0-003441 

Ba 

4cs 

0-00001184 

a    =      6-4095  giving  p  in  inches  of  mercury. 
a    ss      6-1007  giving  p  in  lbs.  per  squa re  inch. 

For  accuracy  this  formula  leaves  little  to  be  desired ;  but  it 
requires  considerable  calculation,  especially  for  finding  the  tem- 
perature from  the  pressure.  Where  so  great  accuracy  is  not 
required,  the  following  simple  formula  gives  results  that  may 
be  relied  upon  for  practical  purposes  over  a  large  range  of  the 
scale: 
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log,  =  ...(!,) 

T  +  367  ' 
t=  ■  2895     -  367  ...(12) 

which  gives  the  pressure  p  in  atmospheres  of  29-922  inches  of 
mercury  or  14*7  lbs.  per  square  inch. 

Example  1. — For  instance,  let  t  be  given  =  230°  Fahr. 
then  log  p  =  =  0-15075  =  log  1-4 15. 

At  230°  Fahr.  therefore  the  pressure  is  1*415  atmosphere  = 
1-415  x  29-922  =  42-339  inches  of  mercury  =  1-415  x  14-7  = 
20-8  lbs.  per  square  inch,  or  20-8  -  14-7  =  6*1  lbs.  above  the 
atmospheric  pressure. 

Example  2. — Again,  let  p  =  -691  atmosphere 

2895 


5-1-8395 
2895 


-367  = 


5-1605 


-  367  =  193°*99Fahr. 


Example  3. — We  may  also  calculate  the  case  given  in  Ex- 
ample 1  by  Mr.  Rankine's  formula;  here  t  =  t  +  461*2  = 
230°  +  461°*2  =  691°*2. 

log  b  =  3*43642 
-log  t  =  2*3960  =  0.596g2  =  ]og  3.9521 

log  c  =  5-59873 

-iktfWin,  t.91952  =  ,og  0.8308 

4*7829 

For  lbs.  per  square  inch  6*1007  -  4-7829  =  1-3178  =  lo<r 
20-79  lbs. 

For  inches  of  mercury  6*4095  —  4*7829  =  1*6266  =  log  42*33 
inches. 

These  results  are  almost  identical  with  those  given  by  the 
preceding  formula. 

The  following  table  may  serve  as  a  guide  in  the  use  of  these 
formulae,  showing  how  far  they  are  accurate,  and  within  what 
limits  on  the  scale  they  may  be  used  with  safety  : 
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Pressure  of  Steam 

Temperature, 
Fahr. 



Renault's 

Tate*  Formula 

IlaitUnc'H  Formula 

Tables 

(»> 

Indie* 

Inches  Error 

Inches  EiTor 

-  25-6 

•0126 

•0099-  0027 

01 113 --0015 

+  320 

1811 

•1661-  -0150 

1734  --0077 

89*8 

•7205 

•7051-  -0214 

•7200  --0065 

1004 

1-9410 

1-915  -  -0260 

1-936  --0050 

1508 

7-6791 

7-674  -  -0051 

7-695     +  0159 

2120 

29-9218 

29-922  0 

29-922  0 

2570 

68658 

68  640  -  -018 

68-65  --008 

3020 

140-995 

140-81     -  -185 

140-87  --125 

3470 

264-471 

263-86    -  -611 

264-20      — -271 

3920 

460-204 

458-98  -1-224 

459-90  --304 

4370 

751-866 

75031  -1-556 

751-98  +-12 

The  errors  of  the  numbers  given  by  the  formuhe  are  placed  beside  them  for 
comparison. 

Table  V.— Of  the  Pressure  and  Corresponding  Temperature  of  Satu- 
rated Steam,  obtained  from  the  Tables  of  M.  Reonault  by  In- 
terpolation and  Reduction  to  English  Measures. 


Prewre 
lu  lb».  per 
•quare 
Inch 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
14- 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Tempera- 
ture In 
defrreea 
Fahr. 


101-98 
12626 
14161 

15308 

162-33 

1701 2 

176-90 

182-90 

188-31 

193-23 

197  77 

201-96 

205-88 

20955  -l 

21200 

2 1302  J 

216-29 

219-42 

222-37 

225-19 

227-91 

230-54 

233-08 

235-43 

237  75 

24000 

24  2- 16 

244-26 

246-32 

248-30 

25023 

L'5209 


Kl*c  of 
Tempera- 
ture for  1  lb, 
l'rcMure 


24-28 
15-35 
11-47 
9-25 
7-79 
6-78 
600 
5-41 
4-92 
454 
419 
3-92 
3-67 

3-47 

3-27 
3- 14 
296 
2-82 
272 
2-63 
254 
2-35 
2  32 
2-25 
216 
210 
204 
1-98 
1-93 
1-86 


;  Pressure 
in  U*.  |>er 
I  square 
inch 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
65 
56 
57 
58 
59 
60 
65 
70 


Tempera-  I    Ri«  of 
ture  in  Tempera- 

decrees  'ture  for  1  lb. 
Ffthr.  I'reaBure 


25209 
253-94 
255-70 
257-47 
259  15 
260-83 
262-44 
26404 
265-58 

267-  12 

268-  60 
27007 

271-  50 

272-  91 

274-  30 

275-  65 

276-  99 
27830 

279-  59 

280-  85 

282-  60 

283-  32 

284-  53 

285-  73 

286-  90 

288-  05 

289-  19 
29031 

291-  42 

292-  61 
2!»7-77 
302-71 


l*res*ure 
in  ll>«.  per 
square 
inch 


Tempera 

ture  in 
dejrreen 
Fuhr. 


1-85 
1-76 
1-77 
1-68 
1-68 
1-61 
1-60 
1-54 
1-53 
1-49 
1-47 
1-43 
1-41 
1-39 
1-35 
1-34 
1  31 
1-29 
1-26 
1-25 
1-22 
1*21 
1-20 
117 
115 
114 
112 
111 
109 
105 
101 


70 

302-71 

75 

30738 

80 

311-83 

85 

316-00 

90 

32003 

95 

323-87 

100 

327-66 

105 

33110 

110 

334-51 

115 

337-84 

120 

340-99 

125 

344  06 

130 

347  05 

135 

349-93 

140 

352-76 

145 

355-6 

150 

358  3 

160 

363-4 

170 

3682 

180 

372-9 

190 

377  5 

200 

381-8 

210 

386-0 

220 

389-9 

230 

393-8 

240 

397  5 

250 

4011 

260 

404-5 

270 

407-9 

280 

411-2 

290 

414-4 

300 

4175 

Rise  of 
Tempera- 
ture for  1  lb. 
Pressure 


093 
0-89 
0-85 
0-81 
0-77 
0-74 
0-71 
0-68 
066 
0-63 
0-61 
059 
0-57 
0-57 
0-66 
065 
051 
0-48 
0-47 
046 
0-43 
0-42 
0-39 
0  39 
0-37 
036 
0  34 
034 
0-33 
0-32 
0-31 
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On  the  Relation  of  Temperature  and  Density 
of  Saturated  Steam. 

Notwithstanding  the  very  numerous  experimental  researches 
on  the  relation  of  pressure  and  temperature  of  steam,  the  re- 
lation of  temperature  and  density,  which  is  equally  important 
in  the  calculations  of  the  steam  engine,  has,  till  recently,  been 
examined  by  theoretical  investigations  alone.  By  the  method 
of  Dumas,  it  was  found  that,  in  becoming  vapour,  a  cubic  unit 
of  water  expanded  to  1,669  cubic  units  of  steam ;  and  from  this 
single  datum  the  density  and  volume  at  all  other  temperatures 
has  been  calculated,  on  the  assumption  that  steam  follows  the 
same  laws  of  expansion  and  contraction,  under  the  influence  of 
temperature  and  pressure,  as  a  perfect  gas. 

The  gaseous  laws,  or  the  laws  of  the  relation  of  volume, 
pressure,  and  temperature  of  a  perfect  gas  may  be  enumerated 
as  follows : 

1.  Mariotte's  or  Boyle's  law ;  the  pressure  or  elasticity  is 
inversely  as  the  volume  when  the  temperature  remains  the 
same.  That  is,  if  a  volume  of  gas  of  10  cubic  feet,  under  a 
pressure  of  15  lbs.  per  square  inch,  be  subjected  to  a  pressure 
of  30  lbs.  per  square  inch,  the  volume  will  be  diminished  to  5 
cubic  feet ;  or,  on  the  other  hand,  if  the  pressure  be  decreased 
to  7£  lbs.  per  square  inch,  the  volume  will  increase  to  20  cubic 
feet.  Expressed  in  a  formula,  putting  p  for  the  pressure  when 
the  volume  is  v,  Pt  the  pressure  when  the  volume  is  v, 


1  =1>...  (13). 
p,     v      v  1 


2.  Gay-Lussac's  or  Dalton's  law ;  the  expansion  of  a  given 
weight  of  an  elastic  fluid  under  a  constant  pressure  is  ^T5*n 
part  of  its  volume  at  0°  Fahr.  for  every  degree  of  increase  of 
temperature.    Expressed  in  a  formula  this  law  is 

v,  45y  +  *1,"( 

Hence,  also,  if  the  volume  be  constant, 

P  _459  +  <  ,%Ks 
PT459+-',  "'  (15)J 
and  combining  the  two  formulse 

v  x  p     459  +  < 


Vj  x  P,     4<>i»  +  tx 


...  (Hi); 
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that  is,  the  product  of  the  volume  and  pressure  at  one  tem- 
perature, is  to  that  product  at  another  temperature  as  the 
temperature  in  the  first  case  to  the  temperature  in  the  second, 
the  temperatures  being  counted  from  the  absolute  zero,  or  a 
temperature  of  —  459°  Fahr. 

.  Now  we  have  seen,  that  it  has  been  determined  experimentally 
for  steam  that  when  =  212°  Fahr.,  p,  =  14*7  and  v,  =  1669, 
and,  if  we  assume  that  steam  is  strictly  gaseous,  these  data 
suffice  for  calculating  the  volume  or  density  of  the  same  weight 
of  steam  at  any  other  temperature  and  pressure ;  substituting 
in  (16)  we  get 

459  +  * 


v  =  1669  x  14-7  x 


71  xp 


=  S6-5**£±i...(17). 

Thus,  if  we  take  from  the  preceding  table  of  the  relation  of 
temperature  and  pressure  the  corresponding  numbers,  and  sub- 
stitute them  for  t  and  p  in  the  above  formula,  we  shall  get  the 
theoretical  volume  at  that  temperature  and  pressure.  Thus 
from  Table  V.  we  have  t  =  281°  when  p  =  50  lbs.,  then 

y  =  36-5  459 + 281  =  540 
50 

that  is,  a  volume  of  1,669  cubic  feet  at  212°,  would  be  reduced 
to  540  at  281°,  and  of  course  the  density  increased  in  the 
inverse  ratio. 

From  this  well-known  formula  all  the  tables  of  the  density 
of  steam,  with  one  recent  exception,  have  been  deduced,  on 
which  calculations  of  the  duty  of  the  steam  engine  have  been 
founded. 

Although  experimentalists  have  for  some  time  questioned  the 
truth  of  this  theoretical  formula,  yet,  up  to  a  recent  time,  no 
reliable  direct  experiments  had  been  made  to  test  its  truth. 
Yet  a  few  years  since  Dr.  Joule  and  Professor  Thomson  an- 
nounced, as  the  result  of  the  application  of  the  dynamical  theory 
of  heat,  that  for  temperatures  above  212°  Fahr.  there  would 
prove  to  be  a  considerable  deviation  from  the  gaseous  laws  in 
the  case  of  steam.  In  1855,  Professor  Rankine  gave  a  theo- 
retical formula  for  the  density  of  steam,  confirmatory  of  Pro- 


Digitized  by  Google 


202  ON  PRIME-MOVERS. 

fessor  Thomson's  views.*  This  formula  deduces  the  volume 
from  the  latent  heat,  and  is  of  the  form 

v-v'  =  -  ...  (17) 

L 

where  l  is  the  latent  heat  of  evaporation  per  cubic  foot,  in  foot- 
pounds of  energy,  and  h  the  latent  heat  of  evaporation  of  one 
pound  of  steam  in  units  of  energy,  and  v—v'  is  the  increase 
of  volume  of  one  pound  of  the  fluid  in  evaporating.  As  we 
have  as  yet  not  considered  the  subject  of  latent  heat,  we  may 
express  Professor  Rankine's  formula  in  another  form,  as  giving 
the  volume  from  the  pressure  and  temperature.    It  is  then 

v  m  772  {1091-7  -  -7  (T  -  32)}  x  (t  +  461-2)' 

2-3026  v'p  {B  (T  +  (461-2)  +  2  C}  + 

where  ~  is  the  specific  volume  of  the  steam ;  v'  the  volume  of 

one  pound  of  water  at  the  temperature  t  ;  p  the  pressure  of 
the  steam  at  t  temperature  in  pounds  on  the  square  foot ;  log 
B  =  3-43642;  log  o  =  5*50873. 

About  the  same  time  Mr.  Tate  made  some  experiments  with 
ether,  which  led  him  to  the  conclusion  that,  at  pressures  some- 
what above  the  atmospheric,  the  vapour  of  this  substance  does 
not  follow  the  gaseous  laws.  These  experiments  led  to  a  com- 
prehensive series  of  researches,  undertaken  by  Mr.  Tate  in 
conjunction  with  myself,  to  ascertain  the  density  of  saturated 
steam  at  all  pressures,  by  a  new  and  original  method. 

The  general  features  of  our  method  of  ascertaining  the  den- 
sity of  steam,  consist  in  vaporising  a  known  weight  of  water  in 
a  large  glass  globe — with  a  stem — of  known  capacity  and  devoid 
of  air,  and  observing  the  exact  temperature  at  which  the  whole 
of  the  water  is  just  vaporised.  Then,  knowing  the  weight, 
volume,  and  temperature  of  the  steam,  its  specific  gravity  may 
be  calculated.  In  order  to  pursue  this  method  with  safety  and 
with  the  requisite  amount  of  accuracy,  the  following  peculiarities 
of  construction  of  the  apparatus  were  adopted  : 

First,  in  order  to  secure  the  thin  globe  from  bursting,  and 
at  the  same  time  to  have  it  uniformly  heated,  it  is  placed  in  a 
strong  closed  copper  steam  bath,  having  a  thermometer  and 

*  Proc.  Roy.  Soc.  Edinb.  1855.  These  views  have  been  further  developed  by 
Mr.  Rankine  in  his  Manual  of  the  Steam  Engine  and  other  Prime-Movers,  in  which 
are  given  full  tables  of  the  density  of  steam,  agreeing  well  with  the  experimental 
results  about  to  be  detailed. 
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pressure  gauge  attached,  and  a  strong  glass  tube,  closed  at  its 
exterior  extremity,  for  receiving  the  stem  of  the  globe.  By  this 
arrangement  the  glass  globe  is  secured  from  bursting ;  for,  what- 
ever may  be  the  elasticity  of  the  steam,  the  internal  pressure 
in  the  globe  is  balanced  by  the  external  pressure  in  the  steam 
bath. 

Second,  when  a  given  weight  of  water  is  vaporised  in  a 
closed  vessel  devoid  of  air,  the  steam  is  said  to  be  in  a  state  of 
saturation  so  long  as  any  portion  of  the  liquid  remains  in  the 
vessel.  But  after  ail  the  water  is  vaporised,  heat  being  still 
applied,  the  steam  becomes  superheated,  or  heated  beyond  the 
temperature  just  requisite  for  vaporising  all  the  water.  By 
way  of  distinction  we  call  this  point  the  maximum  temperature 
of  saturation.  Now,  as  we  have  to  find  by  observation  the  tem- 
perature of  the  steam  exactly  at  the  point  when  the  whole  of 
the  water  is  vaporised,  the  determination  of  this  with  sufficient 
accuracy  and  delicacy  has  hitherto  formed  the  great  practical 
difficulty  attending  experimental  researches  on  the  density  of 
vapours.  We  have  overcome  this  difficulty  by  using  what  may 
be  called  a  saturation  gauge,  the  form  of  which  varies  according 
to  circumstances,  but  the  principle  on  which  it  is  constructed 
may  be  illustrated  as  follows : 

Imagine  two  globes  a,  b,  fig.  151,  connected  by  a  bent  tube 
containing  mercury,  and  immersed  in  a  large  bath  of  liquid  to 
secure  uniformity  of  temperature ; 
suppose  these  globes  devoid  of  air, 
but  containing  weighed  portions 
of  water,  say  twenty  grains  in  a 
and  thirty  in  b.  If  heat  be  now  ap- 
plied to  the  liquid  bath  so  as  to 
increase  progressively  the  temper- 
ature of  the  globes,  this  weighed 
portion  of  water  will  gradually 
pass  into  steam,  and  the  elastic 
force  in  each  globe  will  increase 
in  a  ratio  corresponding  with  the 
temperature,  but  without  in  the  least  affecting  the  uniformity 
of  level  of  the  mercury  columns  c  and  d,  because  the  pressure 
on  each  side  will  be  the  same.  But  when  the  whole  of  the 
water  in  globe  a  has  been  evaporated,  this  equality  of  pressure 
will  no  longer  exist,  and  the  column  c  will  rise.  The  pressure  in  b 


Fig.  151. 
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increases  in  the  ratio  for  saturated  steam,  whilst  that  in  a 
increases  in  the  much  smaller  ratio  of  superheated  steam, 
and  hence  the  difference  of  level  of  the  columns.  The  instant 
at  which  the  columns  begin  to  rise  on  one  side  and  fall  on  the 
other,  is  the  point  at  which  the  whole  of  the  water  in  a  is  con- 
verted into  steam;  and  the  temperature  then  noted  is  the 
maximum  temperature  of  saturation.  The  following  theoretical 
table  gives  approximately  the  rise  of  the  mercury  column  at 
several  temperatures : 


Saturated  8 team 

Increment!  of  Pressure  for  1°  Fahr. 

Pressure 

Temperature 

For  expansion 

For  vaporUatiou 

Differenoe 

At  4  lbs.  and  152° 

0012 

0-222 

0-210 

7 

„  170 

0022 

0-32 

0-30 

15 

n  213 

0044 

060 

056 

20 

n  228 

0-060 

0-80 

074 

Gl 

„  295 

0160 

200 

1-84 

74 

308 

0-200 

2-22 

2-02 

The  increments  of  pressure  in  this  table  are  measured  in 
inches  of  mercury.  Their  difference  shows  the  rise  of  the 
mercury  column  on  the  one  side  on  which  expansion  from  super- 
heating is  taking  place.  That  is,  the  columns  would  diverge 
from  the  level  -210  inch  at  152°  Fahr.,  0-56  inch  at  213°,  2-02 
inches  at  338°,  and  so  on. 

For  reasons  which  will  hereafter  be  obvious,  it  was  found 
impossible  to  determine  the  instant  at  which  the  whole  of  the 
water  in  the  globe  was  vaporised  and  the  columns  diverged. 
The  cohesion  of  the  glass  to  the  last  particles  of  water,  the 
foggy  condition  of  the  steam,  and  other  causes,  rendered  it 
necessary  to  superheat  the  steam  a  few  degrees,  and  then, 
having  very  carefully  determined  the  difference  of  level  of  the 
columns,  to  estimate  from  these  data  the  maximum  temperature 
of  saturation. 

In  fig.  152  is  shown  a  sectional  elevation  of  the  apparatus 
employed  in  these  researches  for  pressures  varying  from  15  lbs. 
to  70  lbs.  on  the  square  inch,  or  from  one  to  five  atmospheres. 
a  is  the  glass  globe  of  measured  capacity  for  the  reception  of 
the  weighed  portion  of  water,  drawn  out  into  a  stem  about  32 
inches  long.  The  average  size  of  the  globes  was  5£  inches 
diameter  or  75  cubic  inches  capacity ;  the  stems  were  |  to  -Jj- 
inch  bore.  B  b  is  the  copper  boiler  or  steam  bath  in  which  the 
globe  was  heated  uniformly  throughout.    The  copper  bath  is 
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Fig.  152. 


prolonged  by  a  strong  glass  tube  o  o,  1J  inch  in  diameter,  and 
closed  at  the  bottom ;  the  tube  is  fixed  to 
the  boiler  by  a  stuffing  box,  its  upper  part 
being  trumpet- mouthed  to  prevent  its 
being  forced  out  by  the  pressure.  The 
joint  in  the  stuffing  box  was  made  by  a 
ring  of  vulcanised  india-rubber,  which, 
at  the  temperatures  required  in  this 
series  of  experiments,  answered  its  pur- 
pose perfectly.  To  heat  this  outer  glass 
tube,  which  was  peculiarly  liable  to  ex- 
plode, and,  in  fact,  on  two  occasions  did 
so,  an  outer  oil  bath  G  o  was  used,  made 
of  blown  glass,  twenty  inches  long,  and 
resting  in  a  sand  bath  1 1.  This  bath  was 
supported  on  a  tripod.  The  copper  bath 
was  heated  by  a  coil  of  gas  jets  e  e  ;  and 
the  oil  bath  by  a  large  wire  gauge  lamp 
h,  protected  from  draughts  by  a  muffle  k  fe. 
The  temperature  thus  obtained  and  dis- 
tributed uniformly  throughout  the  glass 
tube  and  steam  bath  by  convection,  was 
measured  by  a  thermometer  in  the  oil 
bath,  and  another  t,  exposed  naked  on  the 
steam  bath,  and  fixed  in  a  stuffing  box. 
Opposite  the  thermometer  is  a  stopcock  p, 
and  on  the  top  of  the  boiler  a  pressure 
gauge,  for  roughly  indicating  the  pressure 
in  the  boiler.  The  copper  boiler  replaced 
the  globe  b  in  the  diagram,  fig.  151.  The 
two  mercury  columns,  the  outer  in  the 
tube  o  o,  and  the  inner  in  the  stem  of  the 
globe  i  i,  separate  the  vapour  and  water 
in  the  steam  bath  from  that  in  the  globe, 
and  form  the  saturation  gauge  to  which 
reference  has  been  made.  So  long  as  the 
steam  in  the  globe  a  remains  in  a  state 
of  saturation,  the  inner  column  remains  stationary  at  a  point 
a  little  above  the  level  of  the  outer  column,  so  as  to  balance 
the  column  of  water  in  the  steam  bath  B  B.  But  when  in 
raising  the  temperature  the  whole  of  the  water  in  a  is  eva.- 
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porated,  and  the  steam  begins  to  superheat,  then  the  pressure 
of  the  steam  in  a  no  longer  balances  that  of  the  steam  in  B, 
and  the  columns  diverge:  the  difference  of  level  forming  a 
measure  of  the  expansion  of  the  steam.  It  was  found  in 
practice  a  matter  of  the  utmost  importance  that  the  observer 
should  not,  in  these  experiments,  trust  to  the  unaided  eye  to 
determine  the  point  at  which  the  columns  began  to  diverge, 
but  that  a  careful  series  of  measurements  of  the  difference  of 
level  of  the  columns  should  be  made,  not  only  near  the  satura- 
tion point,  but  also  at  various  temperatures  of  superheating  ; 
thus  affording  data  for  determining  the  law  of  expansion  near 
the  saturation  point,  and  for  estimating  the  maximum  temper- 
ature of  saturation  from  a  point  at  which  the  error  from  the 
cohesion  between  the  water  and  the  glass,  and  the  error  from 
the  retention  of  portions  of  water  in  the  steam  itself,  might 
both  be  eliminated.  It  was  also  found  advisable  to  take  these 
readings  of  the  levels  of  the  columns,  rather  in  a  descending 
than  in  an  ascending  series  of  temperatures. 

To  read  the  column  levels  with  rapidity  and  facility,  seeing 
that  they  could  not  be  approached  within  6  or  8  inches,  a 
simple  form  of  cathetometer  was  devised,  sufficiently  accurate 
for  the  purpose.  It  consisted  of  a  telescope  with  cross  wires 
sliding  on  a  vertical  graduated  iron  stem,  and  carrying  a  vernier 
for  reading  off  the  levels  to  the  one-hundredth  of  an  inch. 

The  steps  in  the  process  for  determining  the  specific  gravity 
of  steam  by  this  apparatus  were  as  follows : 

A  glass  globule  of  a  size  to  contain,  as  nearly  as  might  be, 
the  required  quantity  of  water  for  vaporisation,  was  selected 

Fig  153  ^rom  a  ser^es  (%•  1^3).  These  globules  had  open 
x-n  stems,  and  after  being  filled  with  water  were  im- 
mersed hot  in  a  cup  of  mercury,  so  that,  in  cooling, 
\f  the  mercury  should  rise  into  and  fill  the  capillary 
stem.  The  weight  of  the  water  introduced  was  easily 
ascertained  by  deducting  from  the  weight  after 
filling  the  weight  of  the  dry  cup,  globule,  and  mercury.  In 
this  state  the  cup  of  mercury  was  transferred,  and  the  globule 
passed  into  the  large  globe,  in  which  a  Torricellian  vacuum  had 
been  previously  formed. 

To  form  the  Torricellian  vacuum,  the  globe,  dried  and 
filled  with  warm  mercury,  was  heated  on  a  sand  bath  until  the 
mercury  boiled  ;  the  stem  was  then  filled  with  dry  mercury,  and 
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the  globe  inverted,  with  its  stem  inserted  in  a  basin  of  mercury 
The  globule  was  then  introduced  in  the  stem, 
and  allowed  to  ascend  into  the  globe.    In  order 
to  transfer  the  globe  from  the  basin  to  its  place 
in  the  steam  bath,  a  cup  k,  fig.  154,  filled  with 
mercury  was  suspended  from  the  stem  by  an 
india-rubber  strap,  a  platinum  wire  being  in- 
serted between  the  cup  and  globe  stem  to  en- 
sure free  passage  for  the  mercury.    The  cover 
of  the  boiler  b  b  being  then  taken  off,  and  the 
outer  tube  o  o  dried  and  partially  filled  with  dry 
mercury,  the  globe  was  raised  and  inserted  into 
its  place,  resting  on  a  tripod  in  the  boiler.  The 
cover  was  then  fixed  with  a  flax  and  red  lead 
joint,  and  the  cock  p  connected  with  an  air 
pump.    Exhaustion  was  effected,  so  that  the 
columns  in  the  globe  stem  and  outer  tube  stood 
nearly  level ;  the  air  pump  was  then  removed 
and  a  portion  of  water  allowed  to  enter  through 
the  cock.   The  gas  lights  were  then  kindled; 
and,  until  the  water  attained  the  boiling  point, 
the  columns  were  maintained  level  by  means 
of  the  air  pump,  to  prevent  the  possible  entrance 
of  water  into  the  globe.    After  boiling  for  a 
time  the  cock  p  was  closed,  and  the  process  of 
vaporisation  went  on  simultaneously  in  the  bath 
and  globe,  the  temperature  being  kept  suffi- 
ciently high  in  the  oil  baths  g  g  to  maintain  the 
water  in  the  outer  tube  in  a  state  of  ebullition. 
The  temperature  of  the  baths  is  slowly  and 
uniformly  raised,  nntil  the  temperature  of  the 
vapour  in  the  globe  is  considerably  above  the 
maximum  temperature  of  saturation.  After 
haviugbeen  maintained  for  a  considerable  period 
at  this  temperature,  the  levels  of  the  columns 
were  observed;  then,  the  temperature  being  al- 
lowed to  sink  some  degrees,  the  operation  was 
repeated,  ar  d  the  temperature  again  reduced ; 
and  so  on  until  the  columns  became  stationary, 
indicating  saturated  steam  in  the  globe  as  well 
as  on  the  boiler.    A  series  of  readings  was 
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taken  at  each  temperature,  to  make  sure  that  the  globe  had 
attained  a  uniformity  of  temperature.  At  the  same  time  the 
levels  of  some  file  marks  on  the  stem  were  taken,  by  which 
the  capacity  of  the  globe  in  each  position  of  the  mercury 
column  could  be  determined.  All  the  elements  were  thus 
obtained  for  calculating  the  density  of  the  steam. 

Let  w  be  put  for  the  weight  of  distilled  water  at  39°*1  Fahr., 
filling  the  globe  to  the  point  at  which  the  mercury  columns 
stood  at  the  maximum  temperature  of  saturation.  Let  w  be 
the  weight  of  water  vaporised  ;  v  the  specific  volume  of  the 
steam,  or  the  number  of  times  the  volume  of  steam  exceeds  the 
volume  of  the  water  from  which  it  is  raised ;  then 

v  =  w...  (19). 
w 

By  at  once  superheating  the  steam  in  the  globe,  and  then 
slowly  reducing  the  temperature  until  the  maximum  temperature 
of  saturation  is  reached,  we  secure  the  following  advantages  : 
The  cohesion  of  the  water  to  the  surface  of  the  glass  being  over- 
come, that  force,  it  may  be  presumed,  cannot  be  regained  until 
the  glass  again  becomes  wet,  which  can  only  occur  on  conden- 
sation ;  that  is,  by  the  reduction  of  the  temperature  below  that 
which  corresponds  to  the  maximum  of  temperature  of  saturation. 
Moreover,  the  observation  of  the  columns  at  different  temper- 
atures of  superheating  not  only  supplies  us  with  data  for  ascer- 
taining the  maximum  temperature  of  saturation,  but  also  for 
determining  the  law  of  expansion  of  superheated  steam  near  the 
saturation  point. 

The  following  table  gives  the  temperature  of  saturation  de- 
duced from  the  experiments  with  the  above  apparatus  from  the 
two  highest  temperatures  of  superheating  attained  in  each  case. 
Where  the  lower  of  these  temperatures  is  manifestly  within  the 
limits  of  imperfect  expansion,  the  reduction  from  higher  tem- 
perature only  has  been  retained. 

Table  YL—  Results  of  Experiments  ox  the  Density  of  steam  at 


Pressures  of  from  15  to  70  lbs.  per  Square  Inch. 


No.  of 
Experiment 

Maximum  Ti-miK-rnture 

Prvasuiv  of  Su-aru  in 
inches  of  Mercury 

Specific  Volume 
of  the  Steam 

1 

2 

5£5}  »*» 

244-901 

244  74/  "ib~ 

68*601  -*n 
53-63/  °361 

M3-1 

908-0  j 
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No.  of 
rim 

3 
4 


6 

7 

8 
9 
10 

11 

12 

13 
14 


Maximum  Temperature 
of  Saturation,  Fahr. 


Pressure  of  Steam  in 
inches  of  Mercury 


245-22 
255-50 


245-431 
245  02/ 
255-37  1 
255-62/ 
263-201 
263  09/ 


263-14 


269-24 


} 


269-20 


269- 16 
274-76" 
273-30 
279-42 

28258 
£3} 287>25 

292-53 
288-25 


56-08  \ 
55-70/ 
66-701 
66-97/ 
76-26  \ 
7613/ 
81-711 
81-36  / 
84-36 
84-25 
92-23 
90-08 
99-68 
104-48) 
104-60/ 
112-821 
112-75/ 
122-25 
114-25 


} 


55-89 
66-84 
76-20 
81-53 
84-20 


104-54 
112-78 


Speriflc  Volume 
of  the  Steam 


8925 
759-4 
649-2 
635-3 

605-7 

584-4 
543-2 
5150 

497-2 

458-3 

433-1 
449-6 


A  similar  series  of  experiments  was  obtained  at  pressures  less 
than  15  lbs.  per  square  inch,  but  in  this  case  the  saturation 
gauge  was  abandoned.  The  stem  of  the  globe  was  immersed  at 
the  bottom  into  a  cistern  of  mercury  open  to  the  atmosphere  ; 
in  other  respects  the  method  of  the  experiment  was  precisely  the 
same.  The  water  was  introduced,  the  globe  heated  ;  and  as 
vaporisation  went  on,  the  mercury  column  descended  in  propor- 
tion to  the  increase  of  the  elasticity  of  the  vapour.  Simul- 
taneous readings  of  a  barometer  were  taken ;  and  by  deducting 
from  the  height  of  the  mercurial  column  in  the  barometer  the 
height  of  that  in  the  globe  stem,  we  obtain  the  elasticity  of  the 
vapour  in  the  globe  for  the  corresponding  temperature.  So  long 
as  the  vapour  in  the  globe  was  in  a  condition  of  saturation,  its 
elasticity  thus  found  corresponded  with  that  in  M.  Eegnault's 
tables.  When  it  became  superheated,  the  ratio  of  increase  of 
elasticity  was  very  greatly  reduced,  and  the  column  became 
almost  stationary.  The  superheating  was  carried  in  these  ex- 
periments to  twenty  or  thirty  degrees  above  the  saturation 
point.  The  principle  of  the  experiments  was  therefore  entirely 
unchanged,  the  only  alteration  being  that  the  elasticity  of  the 
saturated  steam  was  obtained  from  previous  experiments,  and 
that  of  superheated  steam  observed,  and  the  difference  of  level 

P 


210 


OX  PRIME-MOVERS. 


of  saturated  and  superheated  steam  obtained  by  subtracting  the 
one  from  the  other,  instead  of  being  directly  observed. 

The  following  table  gives  the  results  obtained  in  this  series  of 
experiments  reduced  on  the  same  principle  as  the  last : 


Table  VII. — The  Results  of  Experiments  on  the  Density  op  Steam 
at  Pressures  below  that  of  the  Atmosphere. 


No.  of 

Maximum  Temperature  of 

Pn»iure  of  St 

e*m  In  InclK* 

Specific  Volume 

experiment 

lihft  t  iim Hun      I',,  1  »■ 

or  Jnei 

"cury 

ot  tnc  hteom 

1 

5-361 
5-34  j 

>  6-35 

8275-3 

2 

8-641 
8-61  j 

>  8-62 

6333-5 

1 59-35  T 

159  35  1 159-36 

15940  J 

9-45^ 

3 

9-45 
9-46 

y  9-45 

49202 

4 

12-461 
12-48  J 

.12-47 

3722-6 

5 

12-631 
12-60  j 

>  12-61 

37151 

6 

174-92 

13-62 

3438  1 

7 

16011 
1602  j 

>  16-01 

3051-0 

8 

188-30 

18-36 

2623-4 

9 

198-78 

22-88 

2149-5 

These  results  show  that  the  density  of  saturated  steam  at  all 
temperatures  above  as  well  as  below  212°,  is  invariably  greater 
than  that  derived  by  calculation  from  the  gaseous  laws. 

As  we  propose  extending  these  experiments  to  higher 
pressures,  it  is  premature  to  venture  on  any  elaborate  generalis- 
ation of  the  results  we  have  attained.  The  following  formulae, 
however,  express  with  much  exactness  the  relation  between  tem- 
perature and  volume,  and  between  pressure  and  volume,  as  in- 
dicated by  our  experiments : 

Let  v  be  the  specific  volume  of  saturated  steam  at  the 
pressure  p,  measured  by  a  column  of  mercury  in  inches ;  then 

v  =  25-62  +  ..,  (20) 

The  following  numbers  show  the  agreement  of  these  formulae 
with  the  experimental  results : 
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Temperature, 
Fahr, 

i 

• 

Specific  Volume 

Proiwrtlonal  Error 

By  Experiment 

By  Formula 

of  Fori 

nnla 

136  77 

o 

8275-3 

8,183 

-A 

155-33 

5333-5 

5,326 

159-36 

4920-2 

4,900 

I 

170H2 

3722-6 

3,766 
3,740 

171-48 

3715-1 

+  * 

174-92 

3438  1 

3,478 

182-30 

30510 

2,985 

188-30 

2623-4 

2,620 

198-78 

2149-5 

2,124 

! 

242-90 

943- 1 

937 

-T 

244-82 

9080 

906 

-i 

245-22 

892-5 

900 

+  T 

T 

255-50 

759-4 

758 

263- 14 

649-2 

669 

+  a* 

267-21 

635-3 

628 

269-20 

605-7 

60S 

+  j 

274-76 

584-4 

562 

i 

273-30 

543-2 

645 

+  1 

279-42 

518-0 

519 

+  T 

282-58 

497-2 

496 

287-25 

458-3 

461 

+  T 

292-53 

433  1 

428 

288-25 

449-6 

456 

We  have  also  computed  the  following  table  from  the  experi- 
mental formula,  whioh  exhibits  at  a  glance  the  pressure,  volume, 
and  weight  of  saturated  steam,  and  will  enable  the  reader  to 
ascertain  the  necessary  data  for  calculations  at  all  pressures  from 
1  to  250  lbs.  per  square  inch ; 


General  Table  (VIII.)  of  the  Relation  of  Pressure,  Volume,  and 
Weight  of  Saturated  Steam  deduced  from  Experimental  Data. 


Pressure 

Decrease  pf  specific 

Weipht  of  a  ruble 

i  not  of  Maun 

In  Ibi.  i<er 

In  iuches  of 

Specific  Volume 

Volume  per  lb. 

*q,  inch 

Mercury 

1 

20361 

17990-6 

76330 
30810 
16660 
1042-5 
715-5 
5210 
3950 
311-2 
2511 
206-9 
173-4 

•00347 

2 

40722 

10357-6 

•00602 

3 

61083 

7276-6 

•00858 

4 

8-1444 

5610-6 

01112 

5 
6 

10- 1805 
12-217 

4568- 1 
3852-6 

01258 
01620 

7 

14-253 

3331-6 

•01874 

8 

16-289 

2936-6 

•02126 

9 

18-325 

2625-4 

02377 

10 

20-361 

2374-3 

02630 

11 

22-397 

2167-4 

02880 

12 

24-433 

1994  0 

•03131 

P  2 
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Table  VIII.— continued. 


Prewure 

Specific  Vol 

In  U<e.  per 

■q.  inch 

In  incites  of 
Mercury 

13 

26-469 

1846-7 

14 

28-505 

1719-8 

Atmospheric 

1641'o 

14-7 

29*922 

Pressure 
15 

30-541 

1fi09*4 

ft  UVJ»»  T 

30-577 

1  'il'Wl 

17 

ft  1 

34-614 

14''6-9 

ft  T  —  tf  *  * 

18 

ft  1 

36*650 

19 
i »» 

38-686 

ft  ft 

«?0 

40-722 

1  *>20*0 

91 

42*758 

1  1<U*4 

22 

44-794 

1 1 1 3*5 

23 

46-830 

10f»»V9 

94 

Aft 

48*866 
to  ouu 

1094*1 

1  \J—  «  ft 

00 

50*902 

984*8 

9ft 

52-938 

948-4 
»»to  t 

27 

54-975 

91 4*6 

I'll  \J 

28 
00 

57-01 1 

If  t    \J  1  ft. 

883*2 

29 

59-047 

854*0 

mi 

61-083 

826*8 

PAW  O 

O  ft 

63-1 19 

vKf  11*' 

OVft  — 

32 

65*155 

777*2 

33 

67-191 

754*7 

34 

69*2°7 

733*5 

Ov 

71*264 

713*4 

73-299 

694*6 

Oi»T  14 

37 

75-336 

676*6 

38 

77*372 

659*7 

000  1 

39 

79*408 

643-6 

40 

81*444 

628-2 

41 

1  ft 

83-480 

613-4 

V  ft  »»  « 

42 

86-516 

599*3 

43 
ti> 

87-552 

585*9 

44 

tt 

89*588 

0«/ 

/"»73*8 

U  f  *>  o 

45 

91*625 

r»fil  *8 

■  M*  1  O 

M 

93*607 

■jov  t 

47 

95*fi97 

R39*l» 

48 

97-7S3 

5'>9*0 

49 

99*769 

4/  1  O  w 

50 

101  *805 

ft  *  f  ft 

RAA«M 

51 

103*841 

ft  Vfit  Oil 

499*1 

5'> 

00. 

105*877 

490*1 

T  ft 

Rfl 
U*»J 

107*^13 

481  -4 
to  I  t 

64 

109-949 

472*9 

111  V 

KK 
00 

1  1  1  -OSn 

111  Jou 

464-7 

56 

114-022 

457-0 

57 

116-058 

1 hug 

58 

118-094 

442-4 

59 

120-130 

435-3 

60 

122-166 

428-5 

61 

124-202 

4220 

62 

126-238 

415-6 

63 

128-274 

409-4 

64 

130310 

403-5 

65 

132-346 

397-7 

DecrcaM  of  Specific 
Volume  per  lb. 

Weijrht  of  a  OnMc 
Foot  of  SteMtt 

1473 
126-9 

•03380 
•03630 

110-4 

96-8 
85-7 
76-3 
68-5 
621 
55-6 
50-9 
46-6 
428 
39-3 
36-4 
338 
31-4 
29-2 
272 
25-6 
24  0 
22-5 
21-9 
20-1 
18-9 
179 
16-9 
16-1 
15-4 
14-8 
141 
18*4 

12-1 
120 
11-4 

10-9 
105 
10-4 
10-1 
9-4 
90 
8-7 
8-5 
8-2 
7-7 
7-4 
7*2 
7-1 
6-8 
6-5 
6-4 
6-2 
5*9 
5-8 


•03S03 

•03878 
•04127 
04375 
•04622 
•04869 
•05117 
•05361 
•05606 
•05851 
•06096 
06339 
•06582 
•06826 
•07068 
•07310 

07550 
•07792 
•08032 
•08272 
•08510 
•08751 
•08988 
•09227 
•09463 
•09700 
•09937 
•10040 
•10416 
•10654 
•10880 
•11111 
•11342 
•11571 
•11801 
•12037 
•12276 
•12508 

12737 
•12967 
•13200 
•13434 
•13660 
•13884 

14111 

14341 
•14568 

14793 
•15021 
•15248 
•15471 
•15697 
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21.3 


Id  lbs.  per 

>'r     .  .1'     ■  1 

In  inches  of 
Mercury 

HtMi'ciuc  Vu 

66 

134*383 

392*1 

67 

1364 19 

•  11) /« 

386*6 

68 

138  45o 

381*3 

69 

140-491 

376*1 

70 

142527 

371*2 

71 

144o6.J 

t\  r*  r*  t 

366*4 

IP  A 

72 

146*699 

Oil  §  m 

361*7 

73 

148  635 

■  1  -  —  1 

3o/l 

/4 

1  r?  rf\.  <_**?*! 

150*b71 

O  B  A  /** 

3o2-6 

ro 

lo2*708 

348*3 

16 

1d4*/44 

344  1 

/7 

156-i  80 

3400 

^8 

158-816 

3360 

79 

1 60-852 

332  1 

80 

162*888 

328  3 

81 

164-924 

Oil  1  £% 

324*6 

82  j 

1              1  1,1;  . 

166-900 

320*9 

8.i 

168*996 

31  /  *3 

84 

171-032 

313*9 

85 

1/3-009 

310*5 

86 

l/5-10o 

30/ *2 

87 

177*141 

304  0 

88 

1/91/7 

300*8 

89 

181*213 

29/  *7 

90 

183*249 

294*7 

91 

185-285 

291*8 

92 

18/321 

288-9 

93 

189-357 

286-1 

94 

191-393 

288*8 

95 

193-429 

280-0 

96 

195  466 

2780 

97 

197-502 

2(5*4 

98 

199*588 

2/2*8 

99 

201-574 

2703 

100 

2036 10 

267-9 

110 

223*9/ 1 

n//t  a 

2460 

120 

*  k  1  J  -I'll 

244*332 

227*0 

130 

264*693 

212*2 

140 

285054 

198*9 

1  FIA 

100  «» 

160 

325-776 

177*3 

170 

346  137 

168*3 

180 

366*498 

160*5 

190 

386*859 

153-3 

200 

407*220 

146-9 

210 

427*581 

141*2 

220 

447-942 

135*9 

230 

168*809 

131*2 

240 

488-664 

126-8 

250 

509*025 

122*7 

5-6 

5-5 

5-3 

5*2 

4*9 

4*8 

4*7 

4  6 

4  5 

4*3 

4*2 

41 

4  0 

3*9 

3*8 

3*7 

3*7 

3*6 

3-5 

3-4 

3-3 

3-2 

3-2 

31 

30 

2-9 

2-9 

2*8 

2*8 

2-7 

2-6 

20 

2-6 

2-5 

2-4 

2- 19 

1*84 

1*54 

1-33 

1*20 

0-96 

0*90 

0*78 

0-72 

0-64 

0-57 

0*53 

0*47 

0*44 

0*41 


•15921 

•16147 

•16372 

•16598 

•16817 

•17038 

•17259 

•17481 

•17704 

•17923 

•18142 

•18360 

•18579 

•18797 

•19015 

•19232 

•19454 

•19674 

•19887 

•20105 

•20321 

•20535 

•20753 

•20970 

•21183 

•21393 

•21608 

•21819 

•22045 

•22247 

•22455 

•22067 

■22883 

•23095 

•23302 

•25376 

•27428 

•29419 

•31386 

•33400 

•35209 

•37092 

•38895 

•40722 

•42496 

•44211 

•45935 

•47581 

•49232 

•50877 


In  the  above  table,  which  is  probably  the  first  calculated  from 
direct  experimental  data,  the  third  column  is  calculated  by 
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means  of  formula  (20),  and  the  last  by  dividing  the  weight  of  a 
cubic  foot  of  water,  at  a  temperature  of  39°*1  Fahr.,  by  the 
specific  volume  of  the  steam  ;  that  is,  by  the  volume  to  which  a 
cubic  foot  of  water  expands  when  converted  into  steam. 

It  will  be  interesting  to  compare  the  numbers  given  by  the 
above  table  with  those  which  are  obtained  in  an  entirely  inde- 
pendent manner  from  Mr.  Rankine's  formula,  in  which  the 
volume  is  deduced  from  the  latent  heat.  The  following  numbers 
show  a  near  agreement  in  the  results.  With  these  has  been 
placed  at  the  same  time  a  column  giving  the  results  deduced 
from  the  gaseous  laws  as  they  have  hitherto  been  generally 
received. 


comparison  of  the  values  op  the  specific  volume  of  saturated 
Steam,  prom  the  Formulae  of  Mr.  Fairbairn  and  Mr.  Tate,  Mr. 
Kanktne,  and  prom  the  Gaseous  Laws. 


Temper- 
ature Fahr. 

Pressure  lu 

Specific-  Volume 

inches  of  Mer- 
cury 

Fairbairn 

and  Tate 

Ratiklnc 

Gaseous  Laws 

104° 

140 

176 

212 

248 

284 

320 

856 

21618 
5-8578 
13-9621 
2H-9218 
58-7116 
106-9930 
183  1342 
297  1013 

17207 
7553 
3397 
1641*5 
858-7 
485-3 
294-9 
1919 

19520  +  I 
7620  +T15 
3367  -T1 
1645  +i  5 
874  +  X, 
498  *  X 
301  +  & 
191  -a}3 

19390     +  } 
7611  +rl5 
8385 

1700    +  5'5 
941-8  +  X 
516-8  +  X 
316-6  +  X 
204-1  +  J5 

The  fractions  in  the  last  two  columns  indicate  the  propor- 
tional deviation  from  the  experimental  formula.  Within  the 
limits  of  the  experiments  below  the  atmospheric  pressure — that 
is,  between  136°  and  212° — both  Mr.  Rankine's  and  the  gaseous 
results  agree  closely  with  our  experiments.  Above  212°  both 
Mr.  Rankine's  and  our  own  results  deviate  considerably  from 
those  obtained  on  the  assumption  of  the  gaseous  laws,  whilst  at 
the  same  time  the  two  former  approximate  nearly  in  value. 

Fig.  155  represents  graphically  the  relations  which  have  been 
described  in  this  section,  the  spheres  representing  the  volume 
assumed  by  the  same  weight  of  steam  at  the  respective  pressures 
shown  on  the  figure.  It  may  also  serve  to  show  how  the  density 
increases  and  the  volume  decreases  with  the  pressure  according 
to  the  law  determined  by  our  experiments. 


Digitized  by  Google 


OX  THE  PROPERTIES  OF  STEAM . 
Fig.  165. 


210 


ON  PRIME-MOVERS 


On  the  Latent  Heat  of  Steam  at  Different  Pressures. 

It  has  already  been  explained  that  in  all  changes  in  the  state 
of  aggregation  of  bodies  heat  becomes  latent  or  sensible.  If  a 
body  passes  from  the  solid  to  the  liquid,  or  from  the  liquid  to  the 
gaseous  state,  heat  becomes  latent ;  in  the  inverse  process  an 
equal  amount  of  heat  becomes  sensible. 

Black  determined  the  amount  of  increase  of  heat  in  the 
water  surrounding  the  worm  of  a  still  by  the  condensation  of  a 
weighed  portion  of  steam,  and  found  that  the  condensation  of 
one  pound  of  steam  raised  the  temperature  of  an  equal  quan- 
tity of  water  954°  Fahr.,  an  estimate  which  has  since  proved 
too  low. 

Watt  investigated  this  subject  in  relation  to  the  action  of 
his  condenser,  and  from  his  experiments  concluded  '  that  the 
quantity  of  heat  necessary  to  convert  one  pound  of  water  at  82° 
into  steam  at  any  pressure  is  constant9  That  is,  that  the  latent 
heat  of  steam  decreases  as  the  pressure  rises,  by  as  much  as  the 
sensible  heat  increases,  the  total  heat  being  constant.  If  we 
take  the  total  units  of  heat  of  steam  at  212°  to  be  1146*6,  and 
if  \  be  put  for  the  total  units  of  heat,  and  \,  for  the  latent  heat 
of  any  other  temperature  T,  then  the  law  of  Watt  will  be  ex- 
pressed by  the  formula 

X  =  Xj  t  T  =  1146*6...  (22). 

Subsequently  to  Watt,  in  1803,  Southern  made  some  experi- 
ments on  the  same  subject,  from  which  he  deduced  a  different 
law,  which  has  since  borne  his  name.  He  concluded  *  that  the 
latent  heat  of  evaporation  is  constant  at  all  pressures,  and  that 
the  total  quantity  of  heat  increases  as  the  pressure  rises,  by  as 
much  as  the  sensible  temperature  rises.  Taking  the  same 
numbers  as  before,  we  have  the  latent  heat  at  212°  =  H46°-6  — 
180°  =  966-6  ;  then  Southern's  law  is  expressed  in  the  formula 

\  =  966-6  +  (t-32°)...(23). 

Watt's  law,  from  its  simplicity,  has  generally  been  employed 
in  calculations  on  the  duty  of  the  steam  engine :  it  has  been 
reserved  for  M.  Regnault  to  ascertain,  with  the  same  accuracy 
and  care  as  he  determined  the  relation  of  temperature  and  pres- 
sure of  steam,  the  true  law  of  the  relation  of  the  latent  heat 
and  the  pressure.  The  law  he  has  discovered  is  expressed  in  its 
simplest  form  in  the  formula 
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X=  1082  +  -305  t  ...(24) 

which  shows  that  the  total  heat  X,  incorporated  in  a  pound  of 
saturated  steam  at  the  temperature  t,  is  equal  to  the  latent  heat 
of  evaporation  of  steam  at  32°  (nearly),  increased  by  the  pro- 
duct 0*305  t. 

At  212°  the  total  heat  by  all  three  formula?  will  be  the  same, 
namely,  1146-6  units ;  but  at  300°  the  total  heat  by  Watt's  law 
would  still  be  only  1146-6;  by  Southern's  it  would  be  1194*6; 
and  by  Regnault's  it  would  be  1173-5. 

The  quantities  of  heat  in  the  above  paragraphs  have  been 
measured  by  *  units  of  heat : 9  it  will  be  necessary  to  explain 
what  is  intended  by  the  phrase.  The  unit  of  heat,  or  British 
thermal  unit,  is  the  quantity  of  heat  which  would  have  to  be 
added  to  one  pound  of  pure  liquid  water,  at  or  near  its  point  of 
maximum  density,  to  raise  its  temperature  1°  Fahrenheit. 
The  French  thermal  unit  is  the  quantity  of  heat  necessary  to 
raise  the  temperature  of  1  kilogramme  of  water  at  or  near  its 
point  of  maximum  density  1°  Centigrade.  It  will  be  convenient 
to  state  that  there  are  3*96832  British  thermal  units  in  a 
French  thermal  unit,  and  0*251996  French  units  in  an  English 
unit. — Rankine. 

The  apparatus  employed  by  Regnault  to  determine  the 
latent  heat  of  steam  consisted  of  a  boiler,  condenser,  artificial 
atmosphere,  and  two  precisely  similar  calorimeters.  The  boiler, 
made  immensely  strong,  was  of  a  capacity  of  66  gallons,  and 
was  filled,  when  required,  with  newly-distilled  water.  From 
this  a  copper  tube  conveyed  the  steam  to  the  calorimeters  and 
condenser.  This  tube  was  surrounded  by  a  dense  stratum  of 
steam  in  a  jacket,  which  communicated  with  the  same  boiler, 
and  terminated  in  a  peculiarly  formed  cock,  by  which  the  steam 
could  be  sent  to  the  calorimeters  or  condenser,  as  necessary. 
The  condenser,  a  vessel  of  13  gallons'  capacity,  kept  cool  by  a 
stream  of  water,  was  employed  merely  to  cause  a  continuous 
flow  of  steam  through  the  apparatus,  lest  any  portion  should  be 
cooled  before  entering  the  calorimeters.  The  air  receiver,  or 
artificial  atmosphere,  communicating  with  air  pumps,  was  of 
the  same  character,  and  employed  for  the  same  purpose,  as  in 
the  experiments  upon  the  relation  of  pressure  and  temper- 
ature, viz.,  to  regulate  the  temperature  of  the  steam  in  the  boiler 
by  maintaining  perfectly  uniform  the  pressure  at  which  ebulli- 
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tion  takes  place.  The  calorimeters  for  measuring  the  heat  dis- 
engaged were  the  most  essential  part  of  this  apparatus,  and 
consisted  of  two  red  copper  cylinders,  with  thin  metal  covers. 

The  worm  consisted  of  a  first 
bulb  a,  of  red  copper,  -078  inch 
in  thickness,  into  which  the 
steam  to  be  condensed  passed 
directly;  the  condensed  water 
and  steam  thence  passed  into 
a  second  bulb  b,  with  a  cock  r 
placed  outside  the  calorimeter ; 
the  same  bulb  b  had  an  upper 
tubulure,   by  which  it  com- 
municated with  a  copper  worm. 
An  agitator,  or  fan,  of  two  discs 
of  fluted  copper,  served  to  blend 
together  the  strata  of  water  in 
the  calorimeter  during  the  ex- 
periment.   The  same  volume 
of  water  was  introduced  into 
the  calorimeters  at  every  ex- 
periment, being  measured  in  a 
gauging  vessel.    The  mercurial 
manometer  and  forcing  pumps 
were  identical  with  those  em- 
ployed in  the  experiments  on 
the  relation  of  pressure  and 
temperature.    When  complete, 
the  apparatus  was  tested  with  a  pressure  of  air  of  ten  atmo- 
spheres, and  every  leak  perfectly  closed. 

For  experiments  at  the  atmospheric  pressure,  every  part  of 
the  apparatus  exposed  to  condensation  was  covered  with  flannel. 
The  distributing  cock  was  placed  so  that  no  steam  reached  the 
calorimeters,  and  distillation  was  commenced  and  carried  on  for 
about  an  hour,  to  secure  perfect  uniformity  of  temperature 
throughout,  and  to  expel  the  air.  Cold  water  was  then  intro- 
duced into  the  calorimeters,  and  a  portion  of  the  steam  sent 
through  them,  after  a  previous  experiment  for  five  minutes 
had  been  made  as  to  the  amount  of  heat  communicated  to  the 
water  by  conduction  at  the  joints.  When  sufficient  condensa- 
tion in  the  calorimeter  had  been  effected,  the  cock  was  closed. 
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and  the  time  and  temperature  were  noted ;  the  agitation  of  the 
water  in  the  calorimeter  was,  however,  continued,  and  observa- 
tions of  the  rate  of  cooling  by  radiation  were  obtained.  The 
quantity  of  water  condensed  in  the  calorimeter  was  allowed  to 
flow  out  at  the  cock  r,  and  weighed. 

It  will  be  impossible  here  to  enter  in  detail  into  all  the  de- 
vices to  obtain  data  for  calculating  the  corrections  to  be  applied 
in  each  experiment  for  radiation,  conduction,  &c. ;  nor  the  for- 
mulae by  which  they  were  calculated.  It  is  certain,  however, 
that  these  allowances  have  been  made  with  very  great  accuracy ; 
in  every  case  the  theoretical  formula  has  been  checked  by  ex- 
perimental data. 

At  high  pressures  the  air  pumps  and  artificial  atmosphere 
were  connected  with  the  apparatus ;  in  other  respects  the  ex- 
periments were  identical,  and  in  this  way  results  were  obtained 
up  to  a  pressure  of  14  atmospheres,  or  205  lbs.  per  square  inch. 

For  pressures  below  that  of  the  atmosphere  the  forcing 
pumps  were  replaced  by  the  ordinary  exhausting  air  pump, 
communicating  with  the  reservoir  of  air.  In  this  way  experi- 
ments were  obtained  at  pressures  varying  from  0*22  atmosphere 
to  0-64  atmosphere. 

The  most  accurate  formula  for  the  latent  heat  of  evaporation 
is  Mr.  Rankine's : 

I  =  1091-7  -  0-695  (t  -  32°)  -  0-000000103  (t  -  39°-!? 
but  for  practical  purposes  the  last  factor  may  be  omitted.  In 
this  way  the  following  table  of  latent  and  total  heat  has  been 
computed.  The  latent  heat  being  calculated  for  a  pound  weight 
of  steam,  the  units  of  heat  required  to  raise  the  water  from  32° 
to  the  boiling  point  are  very  nearly  t  —  32°. 


The  Latent  and  Total  Heat  of  Steam  fhom  I  lb.  to  150  lbs.  peu 


Table  IX. 


Square  Inch. 


I  *r  ensure  In 
lbs.  per  sq. 
Inch 


CorrespondiuK  Tem- 
perature, Fahr. 


Latent  Heat  of  Eva- 
poration in  British 
Tticrnml  Units 


Total  Heat  from  82° 
Fahr.  in  British 
Thermal  Units 


total  Heat  per 


Increment  of 


1 

2 
B 

4 

6 
6 
7 
8 


101-98 
126-26 
141-61 
15308 
162-33 
17012 
176-90 
182-90 


1043  1 
1026-1 
1016-4 
1007-4 
1006-3 
995-5 
990-8 
986-6 


11131 
1120-4 
11250 
1128-5 
1131-2 
1133-6 
1135-7 
1137-6 


7-3 
4-6 
3-5 
2-7 
2-4 
21 
1-9 
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Table  IX.— continued. 


l'reasure  in 
lbs.  wr  m. 

inch 

Corresponding  Tem- 

! at. -lit  llmt  nf  Vr». 

1. an  iu  neat  01  eva- 
poration in  Britiah 
Thermal  UniU 

Total  Heat  from  32° 

Fahr.  in  British 

toud  Uta*. 

perature,  r»hr. 

Tliermal  UniU 

lb.  pre* 

9 

too  .O  1 

18S'.il 

982  0 

1 1  " '  1  ■  1 
J  lay  1 

1-5 
15 
1-4 
13 
12 
1*0 

1 

10 

*  * 

11 

193*23 
197  1 7 

(k"Mk.  J 

9 1  U  4 

It"  <*.  1 

1 1  4U  0 

a  A 

12 

20196 

9<o  J 

1  1  4  a*  £ 

! 

13 

SKlO  Oc 

ii-ntr. 
i»<  t)  a 

1  1  il-i 
J  1  t4  4 

14 

9b  1  O 

ill    1  ~\ 
1  1  4a  4  1 

14*7 

212-00 

■  k/»£«1 

900*1 

1 1  Ji?-1  L 
J  1 40  1  > 

1  -1*1, 

1-0 

1 

• 

15 

111  o .itil 

213  02 

Of*  ft .  J 

yb5  4 

1  1  lit.  1  1 
1  1 IQ  1  J 

16 

216'29 

963-1 

I  1 4  1  "3 

•9 

17 

219*42 

960  0 

1  1  Wa 

•9 
•9 

18 

1)1)0,07 

fire. a 

yao  0 

1 1  t .  1 

19 

<k  C***.li 

yao  j 

1  1  a< )  1 

•8 

20 

4k»l*"*  -fk  1 

22<  -91 

or  K.A 
95a*0 

1 1  aO  J5 

•7 

1 

21 

H<)<A.  *"  4 

230  a* 

ri  r  •}  .a 
9aa  U 

l  1  S1.R 

1 J  01  a 

•7 

22 

k  k  •  k  O  i 

23308 

9a  1*3 

1  la  J  6 

•7 

23 

•10  -  .40 
23a*43 

949'b 

1  laa  u 

■7 

24 

23  <  <  0 

<■  1 1  s  .a 

1  loo  / 

-7 

2a 

240-00 

94b*4 

1 1  a4  4 

•7 

26 

242-I»» 

0 1  1 .0 
944  y 

1 1 00  1 

•7 

ik"*"r 

27 

Oil  _«)/? 

244'2b 

i  k  1  •J.I 

1*43-4 

1 1  aa  1 

•6 

aaO 

28 

24b\fJ 

942  U 

1  lOll  1) 

•6 

29 

248-30 

940'a 

1  IOO*9 

•6 

30 

2-<0'23 

IkOlk.  1 

1 1 57*5 

•6 

1 

•a  * 

31 

2.»2*0o 

93 1  -o 

1  1     C  .A 

•5 

32 

2a.t*94 

no",  1 
93 1  -4 

1 100  a 

•5 

1 

33 

2aa-<0 

935  J 

1  lay  u 

•5 

34 

2a«  -47 

€k*J  1  .A 

934  0 

1 1  ay  a 

•5 

35 

kl  *  ll.l'  l" 

932-0 

1 1  OuU 

•5 

36 

2w  im 

y.i  1  0 

1 1 0U  4 

"5 

37 

aos'49 

y.fu  4 

1 IOU  0 

•6 

•5 

38 

264  04 

929*3 

1161-3 

Oil 

39 

2b5*«j. 

f  kklU>*l 

1 1  .0 

11019 

•4 

4  /A 

40 

2b  <  1 1 

1  1  0~  m 

•4 

j  a 

41 

268*a9 

4  IDS*.  1 

1  1  l?0.7 

1  1 1 

•4 

42 

2iO\>7 

not,  1 

1  1  kRI.O 

1  lOa  J. 

•4 

43 

»k*^  1  .  Ill 

271  49 

i  • '  1  -ii 
»>J4H) 

1 1 0a-u 

•4 

44 

2 1 2*9 1 

1  1  DO  J 

•4 

45 

2(4-28 

1 104  3 

•4 

46 
47 

275-  65 

276-  97 

921-1 

9SXrl 

ill'  I,? 

1 1  kfi  a .  1 
1  loa'l 

•4 

•35 
•35 

48 

2*8-30 

919*2 

1 105  a 

49 

279-57 

411  O  kl 

918-2 

1  1 

1 10a*o 

•3 

50 

280-85 

91  <  -3 

1  lob*l 

•3 

52 

283-32 

91o-b 

1  1  £<t.O 

1  Ibb  y 

•3 

54 

28a*  <  3 

918*0 

1  1  kCT  .fl 
1  I  hi  () 

•3 

56 

288-06 

912-2 

1168*2 

•3 
•3 
*3 

a8 

tlllA.'t  1 

290-a  I 

(11  A.I* 

910  0 

1 1  oo  y 

60 

292'al 

■  WW  1.  1 

909  1 

1  lb9  6 

65 

''97-77 

•  •'I     ■  ■ 

905-3 

11711 

1  41  I  * 

•3 
•3 
*3 
•26 

70 

302-71 

901-8 

1172-5 

75 

307-38 

898-5 

1173-8 

80 

311-83 

895-1 

11751 

85 

316-00 

892-2 

1176-2 

*2G 
•22 
•22 

90 
95 

32003 
323-87 

889-2 
883  9 

1177-  3 

1178-  5 

100 

327-56 

881-3 

1179*5 

•22 
•20 

105 

33M0 

878-9 

1180-4 

Digitized  b 


OX  THE  PROPERTIES  OF  STEAM. 


221 


Table  IX.— continued. 


Pressure  in 
lbs.  per  aq. 
inch 

Corresponding  Tcm- 

iMTnitiirf*  F*iihr 

Latent  Heat  of  Eva- 
poration in  British 
Thermal  units 

Total  Heat  from  3 
Falir.  in  British 
Thermal  units 

1 1  (1 

»)*>T  ell 

O  M >  •) 

1181-4 

115 

337  84 

874-2 

1182-3 

120 

840-99 

8720 

1183-1 

125 

344  06 

8720 

1184-0 

130 

34705 

869-9 

1184-9 

135 

34993 

867-8 

1185*7 

HO 

352-76 

865-7 

1186-5 

150 

358-3 

861-7 

11880 

200 

381-7 

8450 

1194-7 

250 

4011 

831-2 

1200-3 

Increment  of 
total  Heat  per 
lb.  pressure 


•20 
•20 
•20 
•19 
•18 
•16 
•16 
•15 
•13 
•11 


On  tlie  Law  of  Expansion  of  Superheated  Steam. 

When  steam  is  isolated  from  water  and  heated,  it  expands 
and  decreases  in  density  if  the  pressure  be  constant,  or  increases 
in  pressure  if  the  density  (volume)  be  constant.  In  this  state  it 
is  said  to  be  surcharged  or  superheated,  or,  perhaps  better, 
gaseous  steam. 

The  earliest  experiments  on  superheated  steam  are,  perhaps, 
those  of  Frost  in  America,  which,  however,  do  not  appear  to  be 
reliable.  Mr.  Siemens  adopted  a  simple  apparatus  not  long 
since,  with  which  he  sought  to  determine  the  rate  of  expansion 
of  steam  isolated  from  water,  and  which  gave  a  high  rate  of  ex- 
pansion; but  his  conclusions  are  not  at  all  borne  out  by  my  own 
experiments ;  and  his  apparatus  does  not  appear  calculated  to 
yield  very  accurate  results. 

We  are  at  this  time  prosecuting  some  researches  on  this 
subject,  which  are  not  yet  advanced  sufficiently  for  publication. 
In  the  meantime  some  results  within  a  small  range  of  super- 
heating, obtained  during  the  experiments  on  the  density  of 
saturated  steam,  approximate  so  closely  to  what  might  have 
been  expected  to  be  the  law  in  this  case,  whilst  at  the  same  time 
they  were  made  with  great  care,  that  I  believe  they  are  entitled 
to  greater  confidence  than  any  previous  attempts  at  the  deter- 
mination of  this  question. 

Mr.  Rankine,  in  the  absence  of  data,  has  taken  as  the  basis 
of  his  calculations  on  superheated  steam,  in  his  recently  pub- 
lished *  Manual  of  the  Steam  Engine,'  the  assumption  that 
superheated  steam  follows  precisely  the  gaseous  laws  in  its 
expansion  under  the  influence  of  heat ;  that  is,  that 

v  _  461-2  +  t 
v,""  461-2  +  t; 
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Mr.  Siemens'  experiments  do  not  at  all  agree  with  this  assump- 
tion ;  they  would  give  a  higher  rate  of  expansion.  But,  with  a 
certain  proviso,  my  own  results  aecord  with  it  very  nearly,  and 
would  seem  to  show  that  superheated  steam  expands  at  the 
same  rate  as  a  perfect  gas. 

The  proviso  to  which  I  allude  is  this,— that  within  a  short 
distance  of  the  temperature  of  maximum  saturation,  not  ex- 
ceeding about  20°  Fahr.,  tho  rate  of  expansion  is  variable  ; 
close  to  the  saturation  point  it  is  much  higher  than  that  of  a 
perfect  gas,  but  it  rapidly  decreases  till,  at  a  point  at  no  great 
distance  above  the  temperature  of  saturation,  it  becomes  sensibly 
identical  with  that  of  a  perfect  gas.  These  results,  however,  do 
not  extend  over  a  sufficient  range  of  temperature  at  present  for 
us  to  deduce  the  true  law,  although  their  entirely  independent 
coincidence  with  the  laws  already  known  to  physicists  is  some 
guarantee  for  their  accuracy. 

By  the  rate  of  expansion  we  mean  here  the  fraction  express- 
ing the  increment  of  volume  for  one  degree  of  temperature 
Fahrenheit ;  for  air  this  fraction  is 

r  =  1— 
459  +  t 

where  t  is  the  temperature  of  the  gas.  Thus  at  212°  the  rato 
of  expansion  of  a  perfect  gas  is  — ,  at  300°  it  is         at  400 

it  is  -L. ;  and  so  on  at  other  temperatures. 

o>)v 

Now  in  our  experiments  we  may  deduce  the  rate  of  expan- 
sion in  a  similar  way,  assuming  it  to  be  uniform  for  small 
increments  of  temperature ;  thus  in  experiment  6,  in  which  the 
maximum  temperature  of  saturation  is  174°-92  Fahr.,  the  co- 
efficient of  expansion  for  the  steam  between  that  temperature 

and  180°  Fahr.  is  i  ,  or  three  times  that  of  air ;  whereas  be- 
tween 180°  and  200°  the  coefficient  is  very  nearly  the  same  as 
that  of  air,  being  i  when  air  would  be  ~\  and  the  same 

rule  is  found  in  every  experiment.  The  mean  coefficient  at  zero 
of  temperature  from  seven  experiments  below  the  atmospheric 
pressure,  and  calculated  from  a  point  several  degrees  above  that 
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of  saturation,  is        whereas  for  air  it  is  ij  so  that  within  the 

4oo  459 

range  of  superheating  obtained  in  these  experiments  the  formula 
of  expansion  would  be 

v,"  438  + 

The  experiments  seem  to'indicate  that  if  the  superheating  had 
been  carried  further,  the  coefficient  would  have  still  more  closely 
agreed  with  that  which  applies  to  incondensible  gases.  The 
following  table  gives  the  results  upon  which  the  previous 
generalisations  have  been  founded,  and  which  seem  for  the 
present  the  most  reliable  results  we  possess  upon  this  subject. 
Before  long  I  hope  that  we  shall  be  able  to  lay  before  the  public 
some  direct  experiments  upon  this  subject,  carried  to  a  high 
degree  of  superheating. 

The  following  table  gives  the  value  of  the  coefficient  of  ex- 
pansion for  superheated  steam,  taken  at  different  intervals  of 
temperature  from  the  maximum  temperature  of  saturation  : 

Table  showing  the  Coefficient  of  Expansion  of  Superheated  Steam. 


No.  of 
Expcr. 


Maximum  Temper- 
ature of  Saturation 


1 

136-77 

2 

15533 

3 

159-36 

5 

171-48 

6 

174-92 

7 

182-30 

8 

188-30 

1 

242-9 

4 

255-6 

6 

267-21 

7 

269-2 

9 

279-42 

13 

292-53 

Temperatures  between 
which  the  Expansion  is 


o 
140 

160 

159-36 

170-  2 

171-  48 
180 
174-92 

\180 
182-3 
186 
191 


{ 
{ 


o 

170 

190 

170-2 

209-9 

180 

200 

180 

200 

186 

209-5 

211 


249 

259 
264 
271 
279 
273 
279 
285 
289 
299 


Coefficient  of 
Expansion  of 


Sol 


Coefficient  of 
Expansion  of 


V 
7-3 


The  limited  extent  to  which  the  superheating  is  carried  leaves 
the  question  of  efficiency  at  higher  temperatures  unsolved.  Wo 
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believe  we  are  perfectly  conversant  with  the  costly  machinery 
that  is  used  for  this  purpose  on  board  ship  and  in  other  places ; 
but,  until  more  reliable  data  have  been  determined  by  direct 
experiment,  it  would  be  premature  to  pronounce  by  what  law 
the  advantages  assumed  to  result  from  its  use  are  produced. 
We  hope  in  entering  on  this  inquiry  to  arrive  at  conclusions 
founded  on  the  unerring  principles  of  physical  truth. 
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CHAPTER  VII. 

VARIETIES  OF  STATIONARY  STEAM  ENGINES. 

The  steam  engine  as  an  instrument  of  propulsion  is  at  the 
present  time  of  such  vast  importance  as  to  sink  into  insig- 
nificance every  other  known  agent  as  a  motive  power.  We 
have  already  considered  the  best  methods  by  which  the  power  of 
water  can  be  utilised ;  but  the  whole  of  the  water  power  in  Great 
Britain  fails  immeasurably  short  of  that  obtained  from  steam, 
in  every  department  of  useful  art.  If  we  were  to  stop  for  a 
moment  to  compare  the  amount  of  steam  power  employed  in 
industrial  operations,  with  that  of  wind  or  water,  we  should  find 
that  the  latter  were  mere  fractions  in  the  sum ;  and,  looking 
forward  to  still  further  developments  in  its  application,  I  have 
taken  some  pains  in  the  preceding  chapter  in  giving  a  concise 
account  of  the  properties  of  water  when  converted  by  the  agency 
of  heat  into  vapour  or  steam.  I  have  considered  these  facts  of 
vital  importance  to  a  knowledge  of  its  economical  employment 
and  application,  and  I  have  dwelt  longer  on  the  inquiry  than  I 
originally  intended,  in  order  that  I  might  have  an  opportunity 
of  rendering  accessible  the  results  of  experiments  on  the  density 
of  steam,  and  that  the  subject  might  be  clearly  and  distinctly 
understood  before  treating  of  the  construction  of  the  steam 
engine. 

It  is  not  my  object  in  this  treatise  to  follow  historically  the 
many  changes  and  improvements  which  have  been  effected  in 
the  steam  engine  since  it  left  the  hands  of  Watt.  Suffice  it  to 
observe,  that  there  has  been  no  change  in  the  principles  of  its 
action,  unless  we  are  to  reckon  as  such  the  recent  employment 
of  gaseous  instead  of  saturated  steam.  All  the  other  improve- 
ments, in  whatever  form  they  present  themselves,  are  confined 
to  alterations  of  the  organic  parts  of  the  engine,  but  have 
effected  no  change  in  the  principle  of  action. 

Taking,  then,  the  condensing  engine  in  its  best  and  most 
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economical  form,  I  shall  endeavour  to  lay  before  the  reader 
some  examples  of  the  best  and  most  recent  construction,  adapted 
for  mill  purposes  in  all  the  conditions  of  manufacture  to  which 
they  are  applied.  In  making  a  selection  of  those  of  medium 
size,  I  have  chosen  for  illustration  those  at  Saltaire,  near  Brad- 
ford, of  100-nominal-horse  power  each.  Those  engines  are  the 
best  known  for  mills  and  factories,  and  the  description  of  them 
will  include  the  essential  features  of  every  other  condensing 
beam  engine. 

Stationary  Beam  Engines. 

At  Saltaire  the  engines  required  to  drive  the  machinery  con- 
sist of  two  pairs  of  condensing  beam  engines,  each  engine  being 
of  100-nominal-horse  power,  or  collectively  400-nominal-horse 
power.  They  are  placed  on  either  side  of  the  principal  entrance 
to  the  mills,  and  are  supplied  with  steam  from  boilers  placed 
underground,  at  a  short  distance  in  front  of  the  mill. 

Plate  V.  contains  a  side  elevation  of  one  of  these  engines,  and 
Plate  VI.  a  plan  of  one  engine  house  with  its  pair  of  engines. 
The  general  arrangement  will  be  understood  when  it  is  noticed 
that  the  power  generated  in  the  cylinders  c,  and  transmitted 
through  the  working  beam  b  b,  to  the  large  spur  fly  wheel  w, 
24  feet  in  diameter,  is  taken  direct  from  its  circumference  by 
the  pinions  p  p,  which  give  it  off  at  the  required  velocity  to  the 
shafting  of  the  mill. 

The  working  beam  b  b  is  supported  on  two  massive  columns 
c,  16  feet  high,  14}  inches  in  least  diameter,  and  1£  inch  thick 
of  metal ;  these  columns  are  bolted  down  beneath  the  whole 
mass  of  masonry  supporting  the  engine.  The  heavy  entabla- 
ture e  bolted  to  each  column,  and  to  the  column  of  the  adjoining 
engine,  is  firmly  fixed  in  the  walls  of  the  engine  house  on  each 
side,  and  the  spring  beams  a  a  over  this,  and  at  right  angles  with 
it,  are  similarly  attached  to  the  cross  beams  b  b.  In  this  way  an 
exceedingly  strong  and  rigid  support  is  secured  for  the  main 
centre  of  the  engine,  which,  resting  in  its  pedestal  a,  has  to 
sustain  the  principal  strain  of  working.  The  spaces  between 
the  spring  beams  and  the  walls,  excepting  where  the  main  beam 
vibrates,  are  filled  with  ornamental  perforated  metal  plates, 
forming  the  beam  room,  approached  by  the  staircase  /,  for  the 
purpose  of  oiling  the  centres,  repairs,  &c.  The  working  beam 
receives  its  motion  from  the  piston  rod  f/,  through  the  parallel 
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hy  and  transmits  it  by  the  connecting  rod  p  and  crank 
fly  wheel  w. 

team  is  brought  from  the  boilers  through  a  prolongation 
innel  or  flue  in  which  the  smoke  passes  to  the  chimney, 
ars  the  engine  house  by  the  pipe  d.    Having  thence 
nitted  to  the  cylinder  through  the  valve  chests  k  k  ,  it 
,  after  it  has  completed  its  work,  to  the  condenser  h, 
the  eduction  pipe  e,  in  the  usual  way.    The  condenser 
ied  with  cold  water  from  the  river  Aire,  by  the  pipe  k  kf 
ommunicates  with  the  cold  water  cistern  j ;  the  injecter 
i  which  the  water  enters  the  condenser  is  in  these  engines 
9  bore,  but  the  supply  of  water  may  be  diminished  if 
ry  by  the  injection  gear  hereafter  described.   Beside  the 
|  ser  is  the  air  pump  for  pumping  out  the  water  and  the 
Mch  enters  with  the  water  iuto  the  condenser,  and  is 
A  by  the  rod  I  I  from  the  beam  through  a  part  of  the 
1  motion.    A  pump  to  supply  the  cold  water  cistern  is 
i  by  the  rod  ft,  and  another  pump  is  worked  by  the  rod 
•y  which  part  of  the  hot  water  from  the  condenser  is 
back  again  for  the  supply  of  the  boilers,  in  proportion 
water  in  them  is  decreased  by  its  evaporation  into  steam, 
apply  of  steam  to  the  engine  is  regulated  by  the  governor 
ng  on  the  throttle  valve  q,  and  thus  the  speed  of  the 
e  is  kept  uniform.    A  shaft  s  s,  receiving  motion  from  a 
wheel  on  the  crank  shaft,  works  the  equilibrium  valves  in 
bests  K  K,  as  will  be  described  ;  t  t  is  a  flooring  or  stage 
aich  access  is  gained  to  the  cylinder  covers  for  oiling  and 
ing.    The  cylinder  is  50  inches  in  internal  diameter,  and 
f  feet  stroke  ;  it  stands  on  the  circular  cylinder  bottom  c\ 
h  is  firmly  bolted  to  the  masonry  by  the  long  holding  down 
.  r  r. 

The  length  of  the  engine  house  is  50  feet,  and  its  breadth  24 
It  will  be  seen  that  the  two  engines  are  combined  so  as 
ct  in  concert  upon  the  same  crank  shaft  and  fly  wheel,  the 
iks  being  placed  at  right  angles  to  each  other,  that  when 
engine  is  passing  its  top  and  bottom  centres,  and  exerting 
t  power,  the  other  is  in  mid  stroke  and  exerting  its  whole 
rer  upon  the  full  leverage  of  the  crank.    In  this  way  the 
ion  of  the  engines  is  equalised,  and  the  motion  rendered 
oother  than  is  possible  with  an  independent  engine,  whilst, 

q  % 
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in  case  of  accident  to  either  of  the  pair,  its  fellow  may  be 
employed  alone  until  the  damage  is  made  good. 

Plate  VII.  exhibits  a  half-elevation  and  half-section  of  the 
valve  chests,  condensers,  air  pumps,  &c,  of  a  pair  of  engines, 
showing  the  valves  and  the  manner  of  working  them.  As 
before,  c  c  are  the  cylinders,  c1  c1  the  cylinder  bottoms,  k  k 
the  upper,  and  K1  K1  the  lower  valve  chests,  fixed  right  over  the 
cylinder  ports  and  communicating  by  the  side  pipes  t  tl.   d  d  is 
the  steam  pipe,  h  h  the  condensers,  l  l  air  pumps,  with  their 
valves  v  v  v ;  K  the  hot  well  into  which  the  air  pump  lifts  the 
water  accumulating  in  the  condenser.    This  water  passes  away 
by  the  overflow  pipe  m ;  p  p  p  are  feed  pumps  for  supplying 
the  boilers,  with  an  air  vessel  p\  for  equalising  the  pressure  and 
preventing  any  sudden  shocks  in  the  pipes ;  u,  injection  cock 
and  injecter,  the  quantity  of  water  admitted  being  regulated 
by  the  injection  cock,  worked  by  the  hand  wheel  f9  through  the 
medium  of  the  small  shafts  and  bell  cranks  n  n. 

The  valves  in  these  engines  are  of  a  peculiar  construction, 
being  modifications  of  the  double  beat  or  equilibrium  valve, 
invented  by  Mr.  Hornblower,  and  generally  employed  in  the 
mining  engines  in  Cornwall,  where  the  high  price  of  coal  has 
led  to  that  rigid  economy  for  which  its  engineers  have  long 
been  so  justly  famous.  Most  of  the  appliances  for  using  steam 
expansively  in  rotative  engines  (t.  e.  in  mill  engines  as  distin- 
guished from  pumping  engines)  are  open  to  the  objections, — 
1st,  of  wire-drawing  the  steam  ;  2nd,  of  cutting  it  off  too 
slowly;  and  3rd,  of  leaving  too  much  space  between  the  cut- 
off valve  and  the  cylinder,  whereby  much  steam  is  wasted 
without  producing  its  due  mechanical  effect.  To  remedy  these 
defects  I  have  employed  the  particular  arrangement  of  valves 
shown  in  the  plate,  which  are  applicable  to  all  rotative  engines 
working  expansively,  whether  with  high  or  low  pressure  steam. 

The  steam  entering  the  upper  steam  chest  k,  through  the 
stop  valve  a,  has  free  access  also  to  the  lower  steam  chest  x', 
through  the  side  pipe  t ;  whilst  the  exhaust  steam  has  also  clear 
access  to  the  condenser,  through  the  other  side  pipe  f1.  The 
steam  is  admitted  to  the  cylinder  from  the  valve  boxes  bv 
means  of  the  valves  x  and  xx ;  and,  after  having  completed  it? 
work,  ic  passes  through  the  exhaust  valves  y  and  yl  to  the 
condenser,  these  valves  being  opened  and  shut  alternately  a*, 
the  right  instant  by  an  apparatus  yet  to  be  described.   Each  ol 
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the  valves  consists  of  two  single  conical  valves  x,  1  and  2,  care- 
fully secured  together  and  accurately  fitting  their  seats ;  the 
lower  valve  is  slightly  smaller  than  the  upper.  The  steam  is 
admitted  on  the  upper  and  lower  side  of  each  of  these  pairs  of 
valves  and  presses  in  opposite  directions,  so  that  the  downward 
pressure  on  the  upper  valve  is  neutralised  by  the  upward  pres- 
sure on  the  lower,  excepting  that  a  slight  preponderance  is 
given  to  the  former  in  consequence  of  the  difference  of  area  in 
the  valves,  in  order  to  aid  in  keeping  the  valves  firmly  pressed 
upon  their  seats  when  released  by  the  cams.  Hence  they  lift 
with  the  greatest  ease  and  expose  any  required  opening  for  the 
admission  or  exit  of  the  steam. 

The  mode  of  working  these  valves  is  very  simple :  a  shaft  *  * 
(Plate  V.)  receives  motion  from  the  crank  shaft,  and  imparts  it 
by  the  bevel  wheels  b  b  to  the  horizontal  shaft  c  c;  this  in  turn 
gives  motion  to  the  valve  spindles  d  d,  which  pass  continuously 
through  bearings  in  the  valve  chests,  and  are  supported  on  foot- 
steps on  the  brackets  e  e.  Upon  each  of  these  spindles  are  fixed 
two  discs  g  g,  carrying  cams  upon  their  upper  surfaces,  so  ar- 
ranged as  to  lift  and  release  each  valve  at  the  proper  instant  of 
time.  This  is  effected  by  a  direct  and  simple  action;  the 
height  of  the  cam  corresponds  with  the  lift  of  the  valve,  its 
length  with  the  duration  of  the  lift,  and  its  position  on  the  cam 
disc,  which  makes  one  revolution  for  every  stroke,  regulates  the 
instant  of  time  in  the  course  of  the  stroke  at  which  the  valve 
is  opened  and  shut.  The  action  of  the  cams  is  transferred  to 
the  valves  through  the  medium  of  friction  pulleys  k  k  k  k,  fixed 
upon  small  cross  heads,  which  are  guided  in  their  upward  and 
downward  motion  by  the  brass  standards  in  which  they  work. 
In  the  case  of  the  steam  valve  these  pulleys  are  capable  of 
adjustment  by  sliding  them  along  the  cross  head,  towards  or 
away  from  the  valve  spindle,  so  as  to  bring  them  over  different 
parts  of  the  cam,  which  is  so  arranged  that  the  steam  may  be 
cut  off  at  J,  or  any  required  portion  of  the  stroke,  the 
remainder  being  effected  by  the  expansion  of  the  steam. 

The  exhaust  steam  requiring  a  full  opening  into  the  con- 
denser, it  is  desirable  to  retain  the  exhaust  valve  fully  open 
during  the  whole  length  of  the  stroke.  By  the  present  arrange- 
ment this  is  effected  with  a  greater  degree  of  certainty  than  by 
any  other  means  hitherto  proposed.  The  exhaust  valves  rise 
suddenly  on  the  short  inclined  planes  of  the  cams,  and,  having 
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allowed  time  for  the  escape  of  the  steam  through  a  wide  passage 
to  the  condenser,  they  fall  with  equal  celerity  by  their  own 
weight;  thus  a  more  complete  vacuum  is  formed  under  the 
piston  than  it  is  perhaps  possible  to  obtain  by  any  other  process. 

The  stop  valve  a  is  a  simple  conical  valve,  worked  by  a  lever 
and  hand  wheel  z,  fixed  by  a  bracket  to  the  side  of  the  steam 
chests,  and  is  chiefly  used  for  shutting  off  the  steam  from  the 
engine. 

The  following  diagrams  were  taken  from  these  engines  on 
May  4th,  1859.  The  engines  were  then  working  at  25  revolu- 
tions per  minute,  and  one  pair  with  part  of  the  load  off: 

Diameter  of  cylinder ....  50  ins. 
Area  „  ...       1963*50  ins. 

Speed  of  piston  .  .  350  feet  per  minute. 
Scale  of  diagrams     .    tl  inch  per  lb.  pressure. 

Engine  A . 

From  this  diagram  we  get 
Mean  pressure  of  steam  . 
Deduct  for  friction,  &c. 

Effective  pressure 

.  • .  Actual  horse  power 

Engine  B. 
From  this  diagram  we  get 

Mean  pressure  of  steam  . 
Deduct  for  friction,  &c. 

Effective  pressure 

.  * .  Horse  power  =  1 1 1*46. 

Engine  C. 

From  this  diagram  we  get 

Mean  pressure  of  steam 
Deduct  for  friction,  &c. 

Effective  pressure 

.  ■ .  Horse  power  =  235-34. 
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lbs.  per  sq.  in. 

.  =  7-1684 
.  =  2-0000 

.  =  5-1684 
=  107-63. 


=  7-3646 
=  2-0000 

=  5-3646 


=  13-301 
=  2-000 

=  Tf-301 
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Engine  D. 

From  this  diagram  we  get  lbs.  per  sq.  in. 

Mean  pressure  of  steam  .  .  .  =  12-94G 
Deduct  for  friction,  &c.  .       .  =  2-000 

Effective  pressure      .       .       .  =  10*946 
.  • .  Horse  power  =  227-95. 
Collectively  682-38-horse  power. 

With  a  higher  pressure  of  steam,  or  a  shorter  expansion, 
these  engines  will  work  to  nearly  double  the  above,  or  1,200- 
horse  power. 

Fig.  158  represents  the  cylinder,  and  its  base,  of  the  Saltaire 
engines.    The  cylinders  are  50  inches  internal  diameter,  with 

7  feet  stroke,  of  metal  1£  inch  thick. 
Fig.  158.  The  ports  are  twenty  inches  wide,  by 

6*  inches  deep,  so  as  to  give  ^  the  area 
of  the  piston  for  the  admission  and  exit 
of  the  steam.  The  equilibrium  valves 
have  the  upper  disc  12  inches  diameter, 
or  113  inches  area;  the  lower  disc  10£ 
inches  diameter,  or  86£  inches  area ;  lift 
of  steam  valves  lj  inch;  of  exhaust 
valves  1 1  inch.  Steam  pipes,  1 2 J  inches 
diameter];  exhaust,  13  inches;  conden- 
ser, 40  inches;  air  pump,  33£  inches, 
and  3  feet  C  inches  stroke.  Beam  21 
feet  6J  inches  long  between  the  end 
centres,  or  over  three  times  the  stroke ; 
and  8  J  feet  deep  in  the  middle,  or  £  the 
length.  Main  centre  of  wrought  iron 
12  inches  diameter  in  the  beam  and 
9  inches  in  the  bearings.  Spur  fly 
wheel  24  feet  5  inches  in  diameter, 
with  230  cogs  on  the  rim,  14  inches 
broad,  4  inches  pitch;  the  rim  is  in  10 
segments  and  has  a  sectional  area  of 
200  square  inches. 

It  is  now  more  than  thirty  years 
since  it  wasfound  desirable  to  increase 
the  power  of  the  steam  engines  employed  in  manufacture, 
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and  instead  of  engines  of  from  20  to  50-norainal-horse 
power,  as  much  as  100,  and  in  some  cases  200-horse  power 
were  required  to  meet  the  demand.  To  keep  pace  with 
the  rapid  extension  of  our  manufactures,  not  only  was  the 
power  itself  doubled,  and  in  some  cases  quadrupled,  but  a  new 
class  of  men  was  brought  into  existence  as  mechanical  engineers; 
and  these,  with  the  facilities  afforded  by  new  constructions  and 
improvements  of  tools,  gave  to  the  manufacture  of  steam 
engines,  and  machinery  of  every  description,  an  impetus  that 
in  a  few  years  produced  steam  engines  in  an  accelerated  ratio 
of  ten  to  one. 

For  some  years  previous  to  the  great  demand  for  power,  the 
mills  were  driven  by  single  engines,  some  as  much  as  50  or  60- 
horse  power,  but  these  had  soon  to  give  place  to  others  of  much 
greater  force,  or,  what  was  found  to  answer  much  better,  two 
were  employed  coupled  together  as  described  above.  Working 
in  pairs,  they  were  found  to  afford  greater  uniformity  of  action 
from  the  cranks  being  placed  at  right  angles.  Again,  it  was 
found  that  the  speed  of  240  feet  per  minute,  considered  as  the 
maximum  by  Watt,  was  insufficient  with  the  increasing  demand 
for  power,  and  speeds  of  320  to  350  feet  per  minute  have  now 
become  general.  In  some  of  the  old  engines,  however,  with 
such  an  increase  of  speed,  the  breakages  became  so  numerous 
as  to  cause  a  retrograde  movement,  and  a  return  to  the  old 
speed. 

The  increase  of  speed  was,  however,  inadequate  to  meet  the 
requirements  for  power  in  many  cases,  and  the  next  resource 
was  to  increase  the  pressure  of  the  steam.  Unfortunately  many 
of  the  boilers  and  engines  were  not  calculated  to  withstand  the 
forces  to  which  they  were  thus  subjected,  and  the  result  was  an 
increase  of  the  number  of  breakages  and  explosions  to  an  extent 
that  was  ruinous  to  life  and  property.  The  ultimatum  of  all  this 
was  to  increase  the  number  of  steam  engines  with  an  entirely 
new  description  of  boiler,  calculated  to  withstand  higher  pres- 
sures, and  maintain  the  speed  required  to  work  the  engine  up 
to  the  required  standard  of  power. 

In  the  above  statement  I  do  not  mean  to  attach  blame  to  any 
person  in  his  attempts  to  increase  the  power  of  the  steam  engine 
to  meet  the  demands  of  the  mill.  On  the  contrary,  the  majority 
of  manufacturers  were  against  an  increase  of  speed  or  pressure 
on  account  of  the  dangers  they  entailed,  and  the  heavy  responsi- 
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bilities  attached  to  them  when  the  lives  of  workpeople  were  at 
stake,  and  it  reqnired  a  long  series  of  years,  in  which  I  advo- 
cated the  use  of  high-pressure  steam,  before  the  reluctance  of 
the  manufacturers  was  overcome.  That  is,  however,  now  accom- 
plished ;  and,  along  with  an  improved  principle  of  construction 
in  boilers,  the  steam  engine  is  no  longer,  when  worked  with  steam 
of  only  one-fourth  of  the  pressure,  what  it  used  to  be.  To  what 
extent  the  pressures  may  yet  be  carried,  and  how  far  the  steam 
may  be  expanded,  is  a  question  still  open  for  solution.  But, 
judging  from  what  has  already  been  done,  the  inference  is  that 
we  have  not  as  yet  attained  the  maximum  pressure,  nor  the  rate 


of  expansion  calculated  to  afford  the  greatest  economy  in  the  use 
of  steam  as  a  source  of  power. 

To  accomplish  the  increase  of  pressure  no  change  has  taken 
place  in  the  engine  itself,  beyond  the  strengthening  of  the  parts, 
and  the  substitution  of  wrought  iron  and  steel  for  parte  which 
were  before  considered  sufficiently  strong  of  cast  iron. 

Where  additional  power  was  required  in  mills  which  could 
not  be  obtained  by  increasing  the  speed  and  pressure  of  the  old 
engines,  horizontal,  high-pressure  non-condensing  engines  were 
sometimes  introduced,  and  these,  in  the  manufacturing  districts, 
are  commonly  called  Thrutchers.    These  Thrutchers  have  been 
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largely  employed  in  Staleybridge  and  the  surrounding  district, 
•and,  although  not  of  great  value  on  the  score  of  economy,  they 
are,  nevertheless,  important  as  auxiliary  to  the  larger  condensing 
engines.  They  are  generally  attached  to  the  main  gearing  or 
first  motion  wheels ;  and  the  steam,  which  enters  their  cylinder 
at  50  lbs.  pressure,  exhausts  into  the  cylinder  of  the  condensing 
engine,  and  is  there  expanded  and  worked  over  again.  This 
system  of  double  action  would  appear  favourable  to  the  expan- 
sive process ;  but  unfortunately  the  distance  of  the  high-pressure 
cylinders  from  those  of  the  condensing  engine,  and  the  conse- 
quent loss  of  heat  by  radiation  and  the  retardation  from  friction, 
including  the  complicated  nature  of  the  connections,  &c,  is  so 
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great  as  to  neutralise  or  destroy  the  economy  of  fuel  which 
would  otherwise  have  been  secured. 

There  is,  however,  a  considerable  saving  in  original  cost, 
which  to  a  certain  extent  balances  this  drawback,  and  renders 
the  Thrutchers  valuable  as  an  auxiliary  power.  In  cases  where 
engines  are  overloaded,  and  where  it  is  impossible,  for  want  of 
space,  to  erect  new  engines  on  the  first  principle  of  construction, 
the  horizontal  non-condensing  engines  are  admissible,  and  may 
be  used  with  advantage. 

The  foregoing  sketch  (fig.  159)  will  explain  the  mode  of  con- 
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necting  the  horizontal  high-pressure  with  the  vertical  condens- 
ing engines.  At  a  are  shown  a  pair  of  60-horse  power  engines 
with  the  cylinder  a  a  and  fly  wheel  e  e.  At  b  are  the  double 
high-pressure  engines  with  their  cylinders  c,  and  their  connec- 
tion with  the  main  shaft  b  b,  by  a  spur  fly  wheel  and  pinion  dd. 
In  this  way  all  the  four  engines  are  united  ;  a  certain  portion  of 
the  lower  part  of  the  mill  being  occupied  with  the  auxiliary 
engines  b,  and  with  a  new  set  of  boilers  to  supply  the  steam  at 
the  requisite  pressure. 

The  great  deficiency  of  power,  severely  felt  in  many  establish- 
ments, has  been  supplied  in  some  cases  by  another  method, 
without  resorting  to  the  erection  of  new  engines,  and  that  is  by 
McNaughting  the  old  ones.  This  process,  the  invention  of  Mr. 
McNaught,  consists  in  increasing,  or  even  nearly  doubling,  the 
power  of  a  condensing  engine  by  the  introduction  of  a  high- 
pressure  cylinder  attached  to  the  same  working  beam  ;  that  is, 
provided  the  beam  is  strong  enough  to  bear  the  increase  of 
strain.  This  system  of  Mr.  McNaught  is  simple  and  as  effective 
as  the  Thrutchers  ;  but  it  has  unfortunately  the  same  drawbacks 
as  regards  loss  of  heat  and  expenditure  of  fuel,  although  it  must 
be  admitted  that  the  power  of  the  engine  is  increased  to  a  large 
degree.  The  mode  of  McNaughting  is  shown  in  fig.  1G0,  where 
a  is  the  cylinder  of  the  condensing  engine,  b  the  high-pressure 
cylinder  mounted  on  a  pedestal  to  a  convenient  height  and 
worked  half  stroke  from  the  main  beam  at  c.  This,  it  will  be 
observed,  is  a  simple  process,  as  it  does  not  interfere  with  the 
main  gearing  of  the  mill,  and  in  other  respects  also  it  has  advan- 
tages over  the  Thrutchers  already  described. 

Plate  VIII.  shows  in  perspective  view  the  engine  house  and 
engines  erected  for  Messrs.  W.  Bailey  and  Brothers,  of  Staley- 
bridge,  for  driving  a  cotton  mill.  From  their  compactness,  short 
stroke,  and  regularity  of  motion,  they  are  sometimes  preferred 
in  the  manufacture  of  cotton  to  beam  engines  of  the  common 
construction.  The  working  beam  or  great  lever  lll,  is,  as  it 
were,  split  into  two,  one  of  the  halves  being  placed  on  each  side 
of  the  engine,  but  united  at  the  middle  by  a  large  gudgeon  or 
main  centre  L.  At  the  cylinder  end  the  beam  is  worked  by  the 
cross  head  j>  and  side  rods  l  k,  and  at  the  other  it  is  connected 
with  the  crank  of  the  fly  wheel  by  the  cross  head  and  connecting 
rod  L  k  L.  The  moving  mass  of  the  engine  is  thus  placed  lower, 
and  the  whole  rendered  more  compact  than  in  the  common  beam 


Digitized  by  Google 


Digitized- by  LiOOQle 


VARIETIES  OF  STATIONARY  ENGINES. 


237 


engine.  The  stroke  being  short,  the  variations  of  power  occur 
at  shorter  intervals,  and  hence  the  motion  transmitted  to  the 
machinery  of  the  mill  is  rendered  as  uniform  as  possible  through 
the  agency  of  the  immense  fly  wheel  and  the  coupling  of  the 
two  engines.  The  striking  peculiarity  of  these  engines  is  the 
large  geared  fly  wheel  w  w  w  w,  formed  of  toothed  segments, 
receiving  the  power  of  both  engines,  correcting  its  irregularities, 
and  giving  it  out  directly  at  its  periphery,  and  at  a  high  velocity, 
to  the  first  motion  shaft  of  the  mill  y  y.  Not  only  is  the  re- 
quisite speed  of  revolution  very  quickly  attained  in  this  way,  but 
all  intermediate  trains  of  wheels  are  entirely  dispensed  with, 
and  durability  with  simplicity  secured  in  the  highest  degree. 
The  pinion  g  which  receives  the  power  from  the  fly  wheel  is 
geared  with  hornbeam  teeth  as  an  additional  precaution  for 
rendering  the  motion  perfectly  smooth  and  noiseless. 

The  steam  pipe  conducts  the  steam  into  an  outer  steam 
jacket  round  the  cylinder  a  a  ;  from  this  it  enters  the  valve 
boxes  similarly  constructed  to  those  of  the  Saltaire  engines,  but 
with  short  D  valves  instead  of  the  equilibrium  valves  with  which 
those  engines  are  fitted.  The  piston  is  packed  with  metallic 
rings,  and  the  steam  ports  are  formed  in  the  cover  and  bottom 
plate  of  the  cylinder.  The  condenser  is  placed  below  the  bottom 
valve  chest,  and  near  it  the  air  pump  worked  by  a  cross  head 
seen  at  h. 

The  valves  receive  motion  by  the  following  arrangement. 
A  stud  in  the  crank  pin  k  carries  round  a  small  radius  rod  x  x 
on  an  axis  concentric  with  the  crank  ;  a  smaller  crank  on  this 
axis  has  a  length  equal  to  half  the  throw  of  the  valve,  or  equal 
to  that  which  would  be  given  to  the  ordinary  eccentric  ;  and  by 
a  bar  x  z  similar  to  the  eccentric  rod,  the  valve  is  moved  by  this 
lesser  crank  in  the  same  way  as  by  an  eccentric ;  m  m  77i  m  are 
the  links  of  the  parallel  motion,  w  the  governor,  s  the  throttle 
valve. 

From  the  above  description  it  will  be  seen  that  the  marine 
engine  has  some  advantages  over  the  long  stroke  beam  engine 
as  applied  to  mills.  At  an  early  period  of  my  own  practice  I 
introduced  it  on  an  extensive  scale,  and  there  are  numbers  now 
at  work,  exclusive  of  those  erected  for  Messrs.  Bailey  and 
Brothers,  that  are  performing  an  efficient  duty,  and  giving 
entire  satisfaction. 

With  regard  to  economy  of  fuel,  the  marine  engine  is  equal 
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to  the  beam  engine  when  worked  on  the  same  principle  of  ex- 
pansion with  equilibrium  valves.  It  has,  besides,  the  advantage 
of  taking  up  less  room  in  the  mill,  and  having  the  whole  of  the 
action  upon  a  lower  basement,  to  which  the  frame  of  the  engine 
is  securely  bolted.  Every  other  engine,  whether  vertical,  having 
a  downward  motion,  or  horizontal,  has  an  advantage  over  the 
beam  engine  as  regards  space,  and  the  distribution  of  its  force 
through  its  organic  parts  direct  upon  the  solid  foundation. 

But  notwithstanding  these  advantages  of  marine  and  direct 
acting  engines,  they  have  not  gained'  upon  the  old  plan  of  a 
stationary  beam  engine  for  employment  as  the  chief  prime- 
mover  in  mills.  The  reason  that  the  beam  engine  has  not 
been  supplanted  appears  to  be,  that  its  simplicity  of  construc- 
tion, and  the  facility  of  getting  to  every  part  in  case  of  repairs 
being  necessary,  give  it  a  superiority  over  every  other  form, 
however  perfect  and  compact.  Besides,  the  engineers  (or  engine 
tenters,  as  they  are  called  in  the  manufacturing  districts)  find 
there  is  less  trouble  in  cleaning,  and  there  is  therefore  a  desire 
on  their  part  to  have  the  old  construction  in  preference  to  every 
other.  From  these  considerations  the  old  Boulton  and  Watt 
form  of  engine,  strengthened  and  improved  by  being  adapted 
to  work  expansively,  is  now  the  favourite,  and  is  likely  to  main- 
tain its  ground  as  long  as  steam  is  depended  on  as  the  source  of 
power  in  mills. 

In  the  consideration  of  steam  as  a  prime-mover,  it  would  be 
unjust  to  omit  to  notice  the  modification  of  Woolf,  so  exten- 
sively used  on  the  Continent,  where  fuel  is  expensive,  and  where 
the  greatest  economy  in  its  use  has  been  an  object  of  serious 
consideration. 

For  the  last  half  century  WoolPs  engine  has  been  preferred 
in  France  and  other  countries  on  the  continent  of  Europe,  and 
this  has  arisen  from  the  fact  that  until  the  last  fifteen  years  the 
single  cylinder  engine  has  been  worked  with  low-pressure  steam 
only,  without  expansion.  Now  it  is  evident  that  the  single 
cylinder  engine  worked  with  full  steam  throughout  the  stroke, 
will  require  a  larger  expenditure  of  fuel  than  another  engine 
worked  expansively.  Thus  the  double  cylinder  or  compound  en- 
gine, in  which  high-pressure  steam  was  employed,  expanded 
through  three-fourths  of  the  stroke,  appeared  to  effect  a  con- 
siderable saving  of  fuel ;  but  taking  both  engines  worked  alike, 
with  steam  of  the  same  pressure  similarly  expanded,  as  is  now 
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the  case  in  the  best  single  cylinder  engines,  there  appears  to  be 
no  advantage  in  the  compound  over  the  simple  single  cylinder 
engine.  On  the  contrary,  there  is  a  loss  in  the  original  cost  of 
the  engine,  and  the  complexity  of  the  one  as  compared  with  the 
other.    I  have  therefore  no  hesitation  in  recommending  the 

Fig.  161. 


single  cylinder  engine  worked  expansively,  as  an  efficient  com- 
petitor of  the  compound  engine. 

Fig.  161  is  a  view  of  the  two  cylinders  and  valve  chests  of  a 
WoolPs  engine.  The  small  or  high- pressure  cylinder  is  shown 
at  A,  23  inches  in  diameter  and  6  feet  stroke,  and  the  large  or 
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low-pressure  cylinder  at  b,  40  inches  in  diameter  and  8  feet 
stroke ;  their  contents  being  as  1  to  4.  The  steam  is  brought 
from  the  boiler  by  a  pipe,  not  shown  in  the  drawing,  which 
admits  the  steam  into  the  annular  passage  c  c,  whence  it  passes 
into  a  valve  chest  d  of  the  ordinary  construction.  This  valve 
chest  communicates  by  the  passages  /  and  h  with  the  two  valve 
chests  c  c  of  the  large  or  low-pressure  cylinder  b,  and  the  ex- 
haust steam  from  a  passes  into  these,  and  is  expanded  to  four 
times  its  bulk  in  the  larger  cylinder,  which  has  no  direct  com- 
munication with  the  boiler.  The  steam  from  the  upper  side  of 
the  piston  of  the  high-pressure  cylinder  passes  to  the  lower 
part  of  the  larger  cylinder,  and  in  this  way  a  simultaneous  up- 
ward or  downward  motion  of  the  pistons  in  the  two  cylinders  is 
secured.  After  the  steam  has  been  thus  expanded,  and  the 
work  so  economised,  it  passes  by  the  pipe  E  E  to  the  condenser. 

The  valves  of  the  large  cylinder  are  equilibrium  valves,  like 
those  of  the  Saltaire  engines,  but  differently  moved.  A  recipro- 
cating motion  is  given  to  a  crank  k  by  means  of  an  eccentric 
on  the  fly  wheel  axis.  This  motion  is  communicated  by  a  con- 
necting rod  and  bell  crank  to  the  two  rods  I  and  m,  which  slide 
with  freedom  in  a  vertical  direction.  Upon  these  rods  at  suit- 
able heights  are  fixed  the  arms  V  I"  and  m' m",  by  which  the 
valves  in  the  upper  and  lower  chests  are  actuated ;  V  and  m" 
lifting  the  valves  for  the  admission  of  the  steam  into  the  cylin- 
der, and  V  and  w!  those  for  the  exhaust.  The  valve  of  the 
high-pressure  cylinder  is  similarly  worked  by  an  arm  connected 
with  the  rod  dy  not  shown  in  the  drawing. 

Before  closing  our  notice  of  the  varieties  of  steam  engines,, 
we  have  to  describe  the  horizontal  condensing  engines  in  which 
the  cylinder  is  placed  horizontally  upon  a  cast-iron  frame  or 
bed  plate.  This  arrangement  presents  all  the  features  of  cheap- 
ness and  concentration  which  we  noticed  in  the  high-pressure 
Thrutcher8  already  described.  The  condensing  engine,  however, 
works  to  12  lbs.  or  13  lbs.  under  the  atmospheric  pressure,  and 
thus  economises  part  of  the  work  of  the  steam  which  is  lost  in 
the  Thrutchers,  with  the  additional  disadvantage  that  they  work 
against  a  considerable  back  pressure.  It  is  for  these  reasons 
that  the  high-pressure  non-condensing  engines  are  not  in  de- 
mand where  a  large  amount  of  power  is  required.  They  are, 
however,  simple  and  effective,  excepting  as  regards  economy  of 
fuel.    Iu  some  cases  they  are  preferable  to  the  condensing 
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engine,  and  that  is  in  small  establishments  and  as  auxiliaries 
to  water  wheels  when  the  supply  of  water  fluctuates,  and  a  small 
engine  is  needed  when  the  supply  is  deficient.  In  large  estab- 
lishments, and  more  especially  where  coal  is  dear,  the  high- 
pressure  engine  must  give  place  to  the  condensing.  The  hori- 
zontal condensing  engine  presents  some  of  the  advantages  of 
both  classes  of  engines,  as  it  is  economical  as  regards  fuel,  and 
at  the  same  time  is  lighter,  more  compact,  requires  less  space, 
and  costs  less  money  than  a  beam  engine.  These  are  its  merits. 
Its  drawbacks  are  the  horizontal  position  of  the  cylinder,  in- 
volving unequal  wear  of  the  parts,  and  the  tendency  of  the 
cylinder  to  become  ova). 

KiK.  162. 


F 


Fig.  162  represents  a  horizontal  condensing  engine,  in  which 
c  is  the  cylinder,  a  8  slide  bars  carrying:  the  cross  head  on  the 
piston  rod,  from  which  is  worked  the  fly  wheel  f  f  by  the  con- 
necting  rod  r  r,  and  the  bell  crank  b  b,  by  a  short  link.  This 
bell  crank  transmits  motion  to  the  piston  of  the  air  pump  a, 
communicating  in  the  ordinary  manner  with  the  condenser  d. 
The  working  parts  of  the  engine  are  firmly  fixed  on  the  iron 
bed  plate  A  a. 
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High-pressure  Engines. 

Engines  working  without  condensation  are  now  frequently 
employed  as  auxiliaries,  and  where  the  amount  of  power  re- 
quired is  not  large.    It  will  not  be  necessary  to  describe  here 


Fig.  163. 


all  their  varieties  ;  but  they  may  be  briefly  enumerated  as,  1st 
Horizontal  engines,  like  the  last  described,  but  without  the  con- 
denser ;  2nd.  Columnar  engines,  in  which  the  action  is  vertical, 
the  framing'  being  in  the  form  of  a  hollow  cylindrical  column ; 
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3rd.  Vertical  engines,  with  the  cylinder  placed  above  the  crank 
and  working  downwards ;  4th.  Oscillating  engines,  in  which  the 
crank  is  worked  direct  from  the  piston  rod,  and  the  cylinder 
oscillates  upon  trunnions  near  its  centre,  to  allow  of  the  re- 
quisite vibration  of  the  crank  ;  5th.  Steeple  engines,  in  which 
the  piston  rod  carries  a  cross  head,  from  which  the  connecting 
rod  works  downwards  to  the  crank. 


Fig,  164. 


One  example  of  the  best  of  these  varieties  will  be  sufficient 
for  our  purposes  in  this  place.  Figs.  163  and  1 64  represent  the 
columnar  engine,  which  from  its  simple,  compact,  and  neat  form, 
is  probably  superior  to  most  other  constructions ;  it  combines 
several  advantages  from  its  vertical  position,  and  the  ease  with 
which  it  is  supported  on  two  iron  beams,  b  b,  built  into  the  walls 
of  the  engine  house  for  that  purpose.    In  this  way  the  necessity 
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for  heavy  foundations  is  entirely  done  away  with,  and  the  boiler 
may  be  placed  immediately  below  the  engine,  in  order  to  be 
close  to  its  work,  and  to  save  space.  The  annexed  drawings 
represent  a  front  and  side  elevation  of  an  engine  of  this  de- 
scription of  six-horse  power,  but  the  same  principle  has  been 
successfully  extended  to  engines  of  thirty-horse  power.  The 
piston  rod  is  cottered  in  the  usual  way  into  a  cross  head,  carry- 
ing blocks  which  slide  in  fixed  guides  on  each  side  of  the 
columnar  framing  of  the  engine;  the  connecting  rod  r  r  is 
attached  to  this  cross  head,  and  also  to  the  crank  overhead,  c 
is  the  cylinder  with  its  valve  chest,  the  valves  being  of  the 
short  d  construction,  worked  by  the  eccentric  e  on  the  crank 
shaft.  On  the  other  side  of  the  column,  the  pump  for  sup- 
plying the  boiler  with  water  is  worked  by  a  stud  on  the  piston 
cross  head. 

The  governor  g,  attached  at  the  side  of  the  column,  is 
worked  by  a  bevel  wheel,  upon  the  crank  shaft,  and  the  pipe 
for  supplying  steam  /  /  enters  the  valve  chest,  having  a  stop 
valve  worked  by  a  handle  h  placed  at  the  side  of  the  column. 

In  most  of  the  engines  hitherto  described,  the  motion  of  the 
engine  has  been  transmitted  direct  from  the  periphery  of  the 
fly  wheel  to  the  gearing  of  the  mill.  This  plan  I  introduced 
nearly  twenty-five  years  ago,  and  applied  both  to  water  wheels 
and  to  steam  engines  ;  in  the  former  case,  the  gearing  is  usually 
internal,  as  shown  in  the  Plates  L,  II.,  III.,  and  IV. ;  and  in 
steam  engines  it  is  usually  external,  as  shown  in  Plates  V.  and 
VII.  But  this  rule  is  by  no  means  absolute,  as  in  part  of  the 
Deanston  water  wheels  external  spur  gearing  was  employed : 
and  in  the  columnar  engine  figured  above,  I  have  shown  an 
internal  geared  fly  wheel.  On  the  introduction  of  this  method 
of  obtaining  direct  the  necessary  speed  in  the  first  motion  shaft, 
by  gearing  the  periphery  of  the  fly  wheel,  I  met  with  opposition 
on  all  sides ;  and  it  was  not  till  a  wheel  of  thirty-six  tons'  weight 
had  been  constructed  for  a  pair  of  engines  of  240-horse  power, 
that  the  more  sceptical  were  convinced  that  the  regularity  of 
motion  was  not  impaired,  and  that  the  train  of  geared  wheels 
had  been  abandoned,  with  a  material  saving  of  power,  and 
economy  of  prime  cost.  This  system  of  connecting  the  prime- 
mover  with  the  machinery  of  the  mill  greatly  simplifies  the 
motion,  by  attaining  the  required  velocity  at  once,  without  the 
aid  of  speed  gearing  necessary  where  the  motion  is  taken  from 
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the  fly-wheel  shaft.  This  system  has  now  become  universal  in 
station aiy  steam  engines. 

The  duty  of  engines,  or  amount  of  work  done  for  a  given 
quantity  of  coal  consumed,  has  gradually  improved  as  the  engine 
itself  has  been  modified.  Smeaton's  table  of  the  effect  of  fifteen 
atmospheric  engines  at  work  at  Newcastle  in  1 769  gives  a  mean 
of  5,590,000  lbs.  raised  one  foot  per  bushel  of  coal  per  hour. 
This  is  equivalent  to  an  expenditure  of  29*76  lbs.  of  coal  per 
horse  power  per  hour.  In  Smeaton's  own  engine,  erected  at 
Long  Benton,  an  improved  duty  of  9,450,000  lbs.  raised  one 
foot  per  bushel  of  coal  was  obtained,  equivalent  to  an  expend- 
iture of  17 '6  lbs.  per  horse  power  per  hour.  In  Watt's  engines 
the  expenditure  of  fuel  was  further  reduced  to  so  large  an  ex- 
tent that  the  payment  for  them  was  made  proportional  to  their 
economy,  one-third  of  the  annual  saving  of  fuel  obtained  by 
their  use  being  paid  during  the  term  of  the  patent.  In  the 
earliest  of  Watt's  engines  without  expansion  the  expenditure 
appears  to  have  been  about  8£  lbs.  to  9  lbs.  per  horse  power  per 
hour.  At  the  present  time,  in  condensing  engines  working  ex- 
pansively, a  duty  as  high  as  2*6  lbs.  of  coal  per  horse  power  per 
hour  has  been  obtained,  or  Hi  times  the  amount  of  work  for 
the  same  consumption  of  fuel  as  in  the  early  atmospheric 
engines. 

The  following  tables  have  been  carefully  compiled  by  Mr.  H. 
Harman,  late  Chief  Inspector  of  the  Association  for  the  Pre- 
vention of  Boiler  Explosions  in  the  districts  of  Lancashire  and 
Yorkshire,  from  the  extensive  returns  furnished  to  that  asso- 
ciation. They  show  most  significantly  the  progressive  econom  y 
arising  from  the  use  of  high-pressure  steam,  and  from  a  long 
expansion. 
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In  reference  to  the  apparent  superiority  of  the  compound 
engines  in  the  last  table,  Mr.  Harm  an  observes  '  that,  owing  to 
increased  friction,  &c,  engines  which  have  been  compounded 
invariably  indicate  more  horse  power  than  before,  the  machinery 
remaining  the  same ;  hence  arises  an  advantage,  apparent  and 

not  real,  in  calculating  the  consumption  of  fuel  

Consideration  has  led  me  to  conclude  that  the  gross  amount  of 
power  exhibited  by  compound  diagrams  as  at  present  calculated 
is  fallacious.' 
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CHAPTER  VITI. 

ON  BOILERS. 

Vessels  for  the  generation  of  steam  for  supplying  steam 
engines  are  of  a  great  variety  of  forms,  and  are  usually  deno- 
minated boilers.  These  vessels  require  great  care  and  judgment 
in  their  construction,  in  order  that  the  fuel  may  be  most 
economically  applied,  the  waste  and  nuisance  of  smoke  avoided, 
and  the  enormous  force  which  steam  is  capable  of  exerting  at 
high  temperatures  safely  restrained. 

The  boiler  is,  in  fact,  to  the  steam  engine  what  the  living 
principle  is  to  animated  existence.  Like  the  stomach,  it 
requires  food  to  maintain  the  temperature,  circulation,  and 
constant  action,  which  constitute  the  energy  of  the  steam 
engine  as  a  motive  power.  To  keep  up  the  temperature  we 
have  to  feed,  stoke,  and  replenish  the  furnace  with  fuel ;  and  we 
may  safely  consider  it  a  large  digester,  endowed  with  the 
functions  of  producing  that  supply  of  force  required  in  the 
maintenance  of  the  action  of  the  steam  engine.       Wig.  165. 

The  boiler  has  undergone  great  changes  of 
form  and  construction  to  adapt  it  to  use.  At 
first  it  was  hemispherical,  fig.  165,  as  when  em- 
ployed by  Newcomen,  which  shape  was  retained 
for  many  years  with  certain  modifications.  Sub- 
sequently it  was  altered  by  Watt  to  the  form  of 
a  parallelopipedon  with  a  semi-cylindrical  top, 
as  shown  in  fig.  166.  This  form  of  boiler  was 
extensively  used  by  "Watt  in  the  early  stages 
of  his  steam  engines,  and  continued  to  take 
precedence  of  every  other  description  of  vessel 
employed  for  the  production  of  steam.  It  was 
however,  modified  by  the  introduction  of  a 
central  flue,  and  a  slight  modification  of  its 
exterior  shape  to  enable  it  to  withstand  greater  pressures. 
Pig.  167  represents  the  improved  form  of  boiler,  in  which,  in 
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addition  to  the  curvature  introduced  along  the  bottom,  the  aides 
were  also  constructed  in  that  form,  the  better  to  resist  the 


Fi<r.  IGfi. 


pressure  of  the  steam,  which  at  that  time  was  increased  from 
7  lbs.  to  10  lbs.  on  the  square  inch. 

Simultaneously  with  these  improvements  Woolf  and  Horn- 
blower  introduced  high-pressure  boilers  of  the  cylindrical  form, 
Fitr  167  80me  w*tn  hemispherical  ends,  fig.  168,  and 

others  with  Hat  ends  having  a  cylindrical 
flue  through  the  centre,  fig.  169.  Boilers 
of  thia  aort  were  extenaively  used  in  Corn- 
wall, where  the  pumping  of  the  mines  by 
steam  engines  on  Woolf's  plan  required  a 
preasure  varying  from  30  lbs.  to  40  lba.  per 
aquare  inch.  The  aame  description  of  boiler 
was  adopted  by  Watt  in  his  pumping  en- 
gines, first  erected  in  Cornwall,  and  worked 
expansively  on  the  principle  of  cutting  off  the  steam  at  an 
early  point  in  the  stroke. 

It  was  in  the  Cornish  districts  that  the  first  great  improve- 
ments in  boilers  took  place.    The  high  price  of  coal  became  an 


rig.  ic8. 


important  item  in  the  uae  of  pumps  for  draining  the  mines,  and 
every  measure  of  economy  was  resorted  to  for  a  reduction  of 
the  cost.    The  reault  waa  the  introduction  of  the  cylindrical 
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Fig.  169. 


boiler,  fig.  169,  with  a  central  flue,  and  a  system  of  premiums 
to  the  superintendents  for  every  bushel  of  coal  saved  in  raising 
a  giving  weight  of  water  out  of  the  mines.  This  system  of 
premiums  worked  well  in  Cornwall,  and  I 
apprehend  the  steam  engines  of  those  dis- 
tricts are  still  worked  with  greater  economy 
than  in  any  other  part  of  the  kingdom. 
The  Cornish  miners  pay  more  attention  to 
their  engines,  are  more  careful  of  their 
boilers,  and  are  stimulated  to  a  more  rigid 
economy,  than  in  any  other  part  of  the 
kingdom.  They  are  never  short  of  boiler  space,  and  never 
force  their  fires  or  increase  the  power  of  their  engines,  without 
increasing  the  capacity  of  their  boilers.  These  conditions  give 
to  the  Cornish  engines  the  advantages  which  are  lost  sight  of 
in  other  districts,  to  such  an  extent,  in  some  instances,  as  to 
increase  the  consumption  beyond  all  reasonable  bounds.  Of 
late  years  great  improvements  have  been  effected  in  this  respect, 
and  further  progress  in  the  same  direction  will  doubtless  lead 
to  similar  results  in  the  economical  use  of  steam. 

Exclusive  of  the  Cornish  principle  of  construction,  boilers 
have  been  introduced  of  a  cylindrical  form,  with  a  central  ellip- 


Fig.  1 70. 


tical  flue,  and  with  the  bottom  cut  away  at  one  end  to  a  distance 
of  8  feet,  as  shown  in  fig.  170,  to  admit  a  large  furnace  under 
that  part.  It  will  be  seen  that  this  boiler,  from  the  large  con- 
cave arch  at  a,  and  the  elliptical  flue,  inherits  all  the  defects  of 
the  waggon  form,  fig.  167,  and  could  not  therefore  be  employed, 
without  danger  of  explosion,  at  pressures  above  12  lbs.  per 
square  inch.  From  its  peculiar  shape  it  took  the  name  of  the 
Whistlemouth,  or  Butterley  boiler,  and  with  its  internal  flue, 
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through  which  the  products  of  combustion  pass,  it  presents  a 
large  heating  surface,  and  was  for  several  years  considered  an 
improvement  upon  Boulton  and  Watt's  boiler.  Like  its  pre- 
decessors it  gave  way  to  others  better  calculated  to  generate 
high-pressure  steam. 

The  next  improvement  was  the  Cornish  boiler,  with  a  furnace 
in  a  large  cylindrical  flue  at  one  end,  fig.  169 ;  but  this,  from  the 
large  diameter  of  the  flue,  was  liable  to  explode  from  collapse, 
and  led  to  the  strongest  and  most  perfect  boiler  yet  constructed 
for  stationary  purposes,  namely,  the  double-flued  boiler  with 
two  furnaces  and  alternate  firing.  This  boiler,  if  made  of  the 
best  material  and  properly  constructed,  will  resist,  with  plates 
f  ths  of  an  inch  thick,  a  pressure  of  upwards  of  800  lbs.  per 


Fig.  171. 


square  inch  (that  is,  assuming  the  shell  of  the  boiler  to  be  seven 
feet  diameter) ;  and,  as  it  is  now  almost  universally  adopted,  we 
shall  give  a  fuller  account  of  its  proportions. 

Fig.  171  exhibits  a  longitudinal  section,  and  fig.  172  a  front 
view  and  a  cross  section,  of  a  double-flued  stationary  boiler,  as 
I  have  been  accustomed  to  construct  it.  It  was  originally  de- 
vised with  a  view  to  alternate  firing  in  the  two  furnaces,  in  order 
to  prevent  the  formation  of  smoke ;  it  consists  of  an  external 
cylindrical  shell  with  flat  ends,  and  has  two  similar  cylindrical 
flues  a  a,  passing  through  the  water  space  of  the  boiler.  The 
shell  is  six  feet  to  seven  feet  in  diameter,  and  twenty  to  thirty 
feet  in  length,  and  composed  of  -Jy  to  §  inch  plates,  riveted  with 
lap  joints,  according  to  the  pressure  it  is  required  to  stand. 
The  flues  are  usually  two  feet  six  inches  or  two  feet  nine  inches 
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in  diameter,  leaving  a  space  of  about  six  inches  all  round,  for 
the  circulation  of  the  water.  These  flues  are  strengthened  by 
ribs  b  b,  to  prevent  collapse,  according  to  the  principles  developed 
in  my  researches  on  that  subject.*  The  boiler  has  flat  ends, 
stayed  by  triangular  gussets  v  v.  The  furnaces  are  within  the 
flues,  and  the  products  of  combustion,  after  passing  through 
these,  unite  and  pass  beneath  the  boiler,  towards  the  front,  in 
the  flues  c  c,  where  they  turn  and  pass  back  again  on  the  other 
side  to  the  chimney  flue  T. 

The  ordinary  fittings  of  these  boilers  consist  of  a  stem  dome 
on  which  is  placed  a  nozzle  or  stop  valve,  communicating 
with  the  large  steam  feed  pipe  8,  with  which  all  the  boilers 
communicate.   Man-holes  m  n  are  fitted  to  the  boiler  for  clean- 

Fiji.  172. 


ing  and  examination.  The  pipe  r  brings  the  feed  water  from 
the  hot  well  of  the  engine  in  most  cases,  whence  it  passes 
through  a  small  stop  valve  down  to  the  bottom  of  the  boiler 
near  the  furnace  end.  Safety  valves  are  shown  at  /,  two  having 
fixed  weights,  and  a  third  being  pressed  down  by  a  spring 
balance  g.  At  the  bottom  of  the  boiler  is  a  mud  cock  t,  and 
there  are  usually  a  steam  gauge  for  registering  the  pressure, 
and  a  glass  water  gauge  h,  for  indicating  the  amount  of  water 
in  the  boiler. 

Another  form  of  boiler  frequently  employed  for  mills,  is  in 
part  multitubular.  There  are  two  furnaces  in  two  cylindrical 
flues,  precisely  similar  to  those  in  the  preceding  boiler,  but 
immediately  beyond  the  furnace;  these  flues  unite  into  one 

*  Vide  *  Useful  Information  for  Engineers,'  Secuid  Series,  tip.  1-45. 
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chamber,  in  which  the  gases  mix,  and  thence  the  gaseous  pro- 
ducts pass  through  about  a  hundred  small  tubes,  three  inches  in 
diameter,  and  about  eight  feet  long.  They  "then  circulate  in 
brickwork  flues  beneath  the  boiler,  and  pass  to  the  chimney  as 
in  the  double-flued  boiler.  The  mixing  chamber,  from  its 
elliptical  form,  is  weak ;  but  to  remedy  this  defect  it  is  stayed 
by  three  vertical  water  tubes,  riveted  to  the  flat  sides  of  the 
ellipse.  Ten  boilers  of  this  description  supply  the  steam  for 
the  four  100-horse  power  engines  at  Saltaire ;  their  principal 
dimensions  are  as  follows: — Shell  7  feet  diameter,  24  feet  long, 
and  thickness  of  plates.  Flues  containing  furnaces  9  feet 
long,  and  2  feet  9  inches  in  diameter.  Mixing  chambers  8  feet 
long,  small  tubes  7  feet  long,  grates  2\  feet  by  6£  feet. 

The  heating  surface  in  one  of  these  boilers  is  as  follows : 

Area  of  furnace  flue*   135  square  feel 

mixing  chamber             .       .  1 02  „ 

„     three  vertical  tubes  .       .      .       .  28  „ 

d     small  tubes   550  „ 

„     exterior  flues   285*  „ 

Total  ....  1,100 
Area  of  fire  grate.  33$  square  feet,  being  in  the  ratio  of  1  to  32. 

Messrs.  J.  and  W.  Galloway  have  patented  a  boiler  in  which 
a  number  of  vertical,  conical,  water  tubes,  five  or  six  inches  in 
diameter  at  bottom,  and  twice  as  much  at  top,  are  introduced 
into  an  elliptical  flue  passing  through  the  boiler.  The  flame 
and  heated  gases  circulate  amongst  these  tubes  and  impinge 
against  their  sides.  The  dimensions  of  one  of  these  boilers  is 
as  follows: — Length  24  feet;  diameter  7  feet ;  greatest  diameter 
of  main  flue,  5  feet  7  inches;  the  flue  contains  21  vertical  water 
tubes,  acting  as  stays  to  prevent  collapse,  1 1  £  inches  in  diameter 
at  top,  and  6  inches  at  bottom.  These  tubes  are  welded  and 
placed  zig-zag  fashion,  so  that  a  man  may  creep  along  each  side 
of  the  flue  to  clean  or  oxamine  it.  The  two  furnaces  are  each 
7J  feet  long,  2|  feet  diameter. 

Another  boiler,  known  as  the  French  or  elephant  boiler,  is 
sometimes  used.  It  consists  of  three  cylindrical  tubes  with 
hemispherical  ends,  one  larger  than  the  other  two,  and  placed 
above  them.  The  smaller  boilers  communicate  with  the  upper 
one  by  conical  water  tubes.    The  furnace  is  under  the  lower 

*  The  area  of  the  flues,  285  feet,  under  the  exterior  of  the  boiler  is  of  little 
value,  as  the  greater  portion  of  the  heat  is  absorbed  by  the  time  it  has  passed 
through  the  three-inch  tubes. 
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tubes  ;  and  the  gases,  after  passing  the  length  of  these,  return 
underneath  the  larger  boiler  above,  round  which  they  circulate 
three  times. 

Messrs.  Dunn  and  Co.  manufacture  what  they  term  a  retort 
boiler,  in  which  the  steam  is  generated  in  a  number  of  retorts 
or  cylindrical  tubes,  about  9  feet  long  by  18  inches  in  diameter, 
placed  transversely  to  the  furnace.  These  all  communicate 
with  a  large  steam  chamber  above.  This  boiler  is  chiefly 
intended  for  exportation,  being  light  and  convenient  for  car- 
riage in  new  countries  without  roads,  or  the  usual  means  of 
conveyance. 

Computation  of  the  Power  of  Boilers. — In  our  attempts  to 
give  any  definite  rules  on  this  question,  we  must  state  that 
there  is  hardly  any  branch  of  practical  science  so  exceedingly 
anomalous  and  unsatisfactory  as  that  of  boiler  power.  In  fact, 
there  is  no  definite  rule  for  our  guidance ;  on  the  contrary,  the 
whole  is  a  jumble  of  guesses,  and  for  years  I  have  laboured  in 
vain  to  reduce  our  past  experience  to  something  like  a  system, 
or  to  some  reliable  and  definite  rules  calculated  to  guide  us  to 
correct  results.  This,  however,  appears  to  be  impossible,  as  we 
are  in  a  constant  state  of  transition  with  a  long  vista  of  specu- 
lations before  us,  which  seem  likely  only  to  lead  to  the  point 
from  which  we  started.  It  is  like  the  smoke  question,  where 
every  man  is  his  own  doctor,  and  promises  much,  while  nothing 
is  done.  The  only  sound  and  definite  principles  of  construction 
we  have  arrived  at  pertain  to  the  locomotive  boiler,  where  the 
area  of  heating  surface,  capacity  of  fire  box  and  grate  area 
necessary  to  generate,  with  the  aid  of  the  blast  pipe,  the  re- 
quired quantity  of  steam,  are  well  ascertained.  But  in  land 
and  marine  boilers  we  have  not  as  yet  come  to  an  agreement ; 
and  probably  for  this  reason,  that  we  have  not  the  energy  of 
an  artificial  draught,  which  in  the  locomotive  increases  or 
diminishes  in  proportion  to  the  speed  of  the  engine,  and  the 
strength  of  the  blast  respectively.  Now  this  is  not  the  case  with 
the  condensing  engine,  either  on  shore  or  afloat ;  and,  notwith- 
standing that  there  are  many  efficient  and  well-proportioned 
boilers  doing  their  work  well,  we  are  nevertheless  deficient  in 
the  knowledge  of  which,  under  any  given  circumstances,  are  the 
best  construction  and  the  most  economical  proportions. 

We  are  still  in  want  of  an  experimental  investigation  calcu- 
lated to  supply  data  on  this  subject.    The  trials  hitherto  made 
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have  been  too  partial  and  under  too  variable  circumstances  to  be 
relied  upon.  As  it  is,  we  must  be  content  to  take  them  as  they 
now  exist,  under  the  hope  that  time  may  elicit  greater  certainty 
in  the  improved  conditions  now  in  progress.  On  some  future 
occasion  it  is  possible  we  may  return  to  the  subject,  as  it  is  one 
of  deep  importance  in  forwarding  the  manufacturing  interests 
of  the  country. 

Horse  Power  of  Boilers. — The  horse  power  of  boilers  is 
dependent  in  part  on  the  capacity  of  the  boiler  itself,  in  part  on 
the  heating  surface,  and  in  part  on  the  area  of  grate  and  the 
consumption  of  coal  per  hour.  The  common  rule  for  estimating 
the  horse  power  is  as  follows :  Calculate  the  '  effective  section  * 
of  the  boiler  by  adding  to  the  diameter  of  the  boiler  the 
diameters  of  any  internal  flues  and  multiplying  by  the  length 
of  the  boiler,  and  divide  the  product  by  the  constant  5*5,  5*75, 
or  b',  according  to  the  practice  of  different  engineers. 

For  condensing  engines  1  have  usually  allowed  about  twelve 
square  feet  of  *  effective  section '  for  each  nominal  horse  power 
of  the  engine,  although  in  practice  many  conditions  necessitate 
the  alteration  of  this  proportion  to  suit  circumstances.  Now,  as 
engines  are  at  present  constructed,  working  at  from  two  to  three 
times  their  nominal  horse  power,  this  is  equivalent  to  an  allow- 
ance of  five  square  feet  of  *  effective  section  '  per  indicated  horse 
power,  and  hence  agrees  approximately  with  the  rule  given 
above.  But  this  empirical  rule  is  not  at  all  to  be  relied  upon, 
as  it  gives  erroneous  results  with  boilers  of  different  forms  and 
proportions. 

The  true  method  of  calculating  the  proper  proportion  of 
boiler  for  any  given  engine  is,  however,  to  estimate  the  actual 
amount  of  steam  required,  which  can  easily  be  done  with  the 
aid  of  the  tables,  already  given,  of  the  weight  and  density  of 
steam.  Theu  provide  a  boiler  capable  of  evaporating  that 
weight  of  water,  according  to  the  data  obtained  in  experiments 
with  boilers  of  the  particular  construction  employed.  Some 
data  of  this  kind  will  be  given  below  ;  it  being  borne  in  mind 
that  more  heat  is  required,  and  less  water  evaporated  with  a 
given  weight  of  coal,  the  higher  the  pressure  at  which  the 
steam  is  employed. 

Area  of  Healing  Surface. — The  total  area  of  metal  exposed 
to  the  flame  and  hot  gases  is  called  the  total  heating  surface  of 
the  boiler,  and  is  usually  expressed  in  terms  of  the  grate-bar 
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surface.  This  unit  of  comparison  has,  however,  been  rendered 
ambiguous  by  the  employment  of  another  unit  called  the  efficient 
heating  surface.  The  efficient  heating  surface  is  obtained  by 
deducting  from  the  total  heating  surface  one-half  the  area  of 
vertical  portions,  and  one- half  the  area  of  horizontal  cylindrical 
flues,  on  the  supposition  that  the  vertical  heating  surfaces  and 
the  under  side  of  flues  and  tubes  act  less  efficiently  in  absorbing 
heat  than  horizontal  surfaces  above  the  flame. 

A  common  allowance  of  effective  heating  surface  for  sta- 
tionary boilers  has  been  10  to  15  square  feet  per  square  foot  of  ^ 
grate  area,  and  one  square  foot  of  grate  is  required  per  nominal- 
horse  power  of  the  engine.  I  have  usually  allowed  16  or  17 
square  feet  of  effective  heating  surface  ;  and  in  Cornish  boilers 
25  square  feet  is  allowed.  In  general  practice  it  will,  however, 
be  found  that  such  a  proportion  as  17  will  better  serve  the 
interests  of  the  employers  of  steam  engines  than  the  extreme 
limits  of  1  in  10  or  1  in  25  ;  at  least,  this  is  the  best  proportion 
for  cylindrical-flued  boilers.  The  limits  which  define  the  amount 
of  efficient  heating  surface  are,  on  the  one  hand,  the  temperature 
of  the  gases  escaping  into  the  chimney,  which  should  be  as  low 
as  possible ;  and,  on  the  other,  the  temperature  of  the  boiler 
bottom,  on  which  soot  is  deposited.  If  the  gases  escape  at  a 
higher  temperature  than  is  necessary  to  create  a  sufficient 
draught,  heat  is  wasted  by  dissipation  in  the  atmosphere,  in 
consequence  of  insufficient  heating  surface.  On  the  other  hand, 
if  the  boiler  is  unduly  increased,  so  that  part  of  the  heating 
surface  is  coated  with  soot,  and  the  absorption  of  heat  pre- 
vented, not  only  is  boiler  space  wasted,  but  heat  is  lost  by 
radiation. 

In  the  Saltaire  boilers  the  proportions  of  the  heating  surface 
may  be  estimated  as  follows  : 

Total  heating     Efficient  heat  ug 
surface  in  surface  hi 

eq.  ft.  eq.  fU 

Furnaces  135  68 

.Mixing  chambers       ....    102  51 

Vertical  tubes  28  14 

Three-inch  tubes       ....    560  275 

Exterior  flues                                     285  192 

1,100  600 

Area  of  fire  grate,  33  5  square  feet. 

That  is,  17  square  feet  of  effective  and  32  square  fast  of  totai 
heating  surface  per  square  foot  of  grate. 
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Again,  in  a  double-flued  tubular  boiler,  30  feet  long,"7  feet 
diameter,  with  2  flues  each  2  feet  8  inches  in  diameter,  we  have 
the  following  proportions : 

ToUI  ticntlng     Efficient  h.-atiug 
surface  §u  rf  ik*c 

Internal  flues   604  252 

Exterior  flues   390  318 

894  570 
Area  of  grates  =  33  square  feet. 

Hence,  there  would  be  27  square  feet  of  total  heating  surface, 
and  17  feet  of  effective  heating  surface,  per  square  foot  of  grate 
area. 

Boiler  Capacity. — In  ray  practice  I  have  always  advocated 
large  boilers.  I  have  said  before  that  boilers  of  limited  capacity, 
when  overworked,  must  be  forced,  and  this  forcing  is  the  gan- 
grene which  corrupts  and  festers  the  whole  system  of  operations. 
Under  such  circumstances  perfect  combustion  is  out  of  the 
question,  and  every  attempt  at  economy  fails.  Usually  with 
flued  boilers  I  have  allowed  15  to  20  cubic  feet  of  boiler  space 
per  indicated  horse  power  after  deducting  the  flues.  Mr. 
Armstrong  contends  for  27  cubic  feet,  of  which  one-half  is 
steam,  and  the  other  half  water  room.  I  have  allowed  one- 
third  for  steam  and  two-thirds  for  water  where  the  boiler  is 
fitted  with  a  dome.  When  the  steam  room  is  too  small,  the 
boiler  primes,  or  water  is  carried  over  from  the  boiler  with  the 
steam. 

Area  of  Qrate-bar  Surface. — The  area  of  the  grate  depends 
upon  the  quantity  and  quality  of  the  fuel  to  be  burnt.  In  Cor- 
nish boilers,  in  which  the  combustion  is  slowest,  only  6  to  10  lbs. 
of  fuel  are  burnt  per  square  foot  of  grate  bar  per  hour ;  and  in 
ordinary  factory  boilers  about  14  to  16  lbs.  is  the  average 
quantity.  In  marine  boilers  the  combustion  is  still  more  rapid, 
and  in  locomotives  it  rises  as  high  as  40  to  1 20  lbs.  per  square 
foot  per  hour. 

The  grate  bars  are  ordinarily  made  to  slope,  to  facilitate  the 
pushing  back  of  the  fuel  which  has  been  partially  coked  on  the 
dead  plate.  This  slope  varies  from  1  in  5  to  1  in  25,  being  in 
cylindrical-flued  boilers  somewhat  restricted  by  the  form  of  the 
flue.  The  fire  grate  terminates  in  a  brick  bridge,  over  which  the 
flame  and  products  of  combustion  pass  into  the  flues.  These 
bridges  distribute  the  flame  over  the  boiler  bottom,  and  cause 
an  eddy  which  facilitates  the  mixture  and  combination  of  the 
gaseous  products. 
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Mr.  D.  K.  Clarke  has  very  carefully  investigated  the  relations 
of  grate-bar  surface,  heating  surface,  and  consumption  of  coal, 
and  has  arrived  at  the  following  relations:  1st  For  a  given 
area  of  grate  the  total  hourly  consumption  of  fuel  should  vary 
as  the  square  of  the  total  heating  surface ;  that  is  to  say,  if  the 
heating  surface  be  doubled,  the  total  consumption  of  fuel  might 
be  increased  four  times,  whilst  the  same  evaporative  efficiency 
would  be  maintained.  2nd.  For  a  given  extent  of  heating  sur- 
face, the  total  hourly  consumption  should  vary  inversely  as  the 
area  of  the  grate.  For  instance,  if  the  grate  surface  were  in- 
creased to  twice  the  area,  the  total  hourly  consumption  of  fuel 
should  be  reduced  to  one-half,  in  order  to  maintain  the  same 
efficiency.  3rd.  For  a  given  hourly  consumption  of  fuel,  the 
area  of  the  fire  grate  will  vary  as  the  square  of  the  heating  sur- 
face in  maintaining  the  same  efficiency.  For  example,  if  twice 
the  heating  surface  be  employed,  the  grate  may  be  extended  to 
four  times.  Conversely,  if  half  the  heating  surface  be  removed, 
the  grate  must  be  reduced  to  one-fourth  of  its  area.  It  is  ap- 
parent from  these  relations,  as  Mr.  Clarke  has  observed,  that  a 
superfluous  size  of  grate  is  detrimental  to  the  power  of  the 
boiler,  unless  at  a  sacrifice  of  fuel.  On  the  contrary,  an  ex- 
tension of  heating  surface  adds  a  still  greater  proportion  to  the 
power  of  the  boiler,  whilst  the  efficiency  of  the  fuel  is  maintained. 

H2 

The  general  formula  embodying  these  relations  is  P  =  o  — , 

in  which  p  is  the  quantity  of  fuel  consumed  per  hour,  h  the  area 
of  heating  surface,  a  the  grate  area,  and  c  a  constant  varying 
for  each  kind  of  boiler. 

Grates  for  burning  wood  require  to  be  constructed  on  dif- 
ferent principles  from  those  for  the  consumption  of  coal.  In 
this  case,  from  the  rapid  ignition  of  the  material,  the  furnace 
must  be  constructed  capaciously,  whilst  at  the  same  time  the 
area  for  the  admission  of  air  must  be  reduced.  In  Russia,  where 
nearly  the  whole  of  the  coal  used  in  manufacture  is  imported 
from  this  country,  it  is  usual  to  have  the  boilers  constructed  on 
the  same  principle  as  has  already  been  described.  It,  however, 
sometimes  happens,  as  in  the  case  of  the  late  war,  that  the 
supply  of  coal  ceases,  and  the  owners  of  mills  are  in  this  emer- 
gency under  the  necessity  of  burning  wood,  which  even  in  Russia 
at  the  present  time  is  more  expensive  than  imported  coal.  When 
driven  to  ite  use,  all  that  is  done  is  to  remove  the  coal  grate 
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and  furnace  bars,  and  substitute  an  iron  gridiron,  laid  on  the 
bottom  of  the  internal  flues,  which  increases  the  capacity  of  the 
furnace  and  decreases  the  grate  area.  The  boiler  is  then  as 
efficient  with  wood  as  it  was  before  with  coal.  In  other  cases 
the  wood  is  supplied  by  a  hopper,  in  which  it  descends  as  it 
burns  away  at  the  bottom. 

Evaporative  Power  of  Boilers. — Good  coal  liberates  in  com- 
bustion sufficient  heat  to  evaporate  from  14  to  15£  lbs.  of  water, 
and  good  coke  to  evaporate  about  18  lbs.  of  water  per  pound 
of  the  fuel.  Wood  evaporates  only  6  to  7£  lbs.  per  pound  of 
fuel. 

The  actual  evaporation  in  engine  boilers  falls  far  short  of 
this  theoretical  result,  owing  to  the  heat  carried  off  by  the 
chimney,  imperfect  combustion,  radiation,  &c. 

In  1858  a  report  was  published  by  Mr.  Armstrong,  Mr. 
Longridge,  and  Mr.  Richardson,  detailing  the  results  of  exten- 
sive experiments  on  the  evaporative  power  of  steam  coals. 
These  experiments  were  made  with  a  multitubular  boiler,  with 
two  furnaces  and  135  tubes,  5£  feet  long  and  3  inches  in  dia- 
meter. With  this  boiler  they  first  determined  a  standard  of 
evaporative  power  when  the  boiler  was  worked  on  the  ordinary 
system,  every  care  being  taken  to  obtain  the  maximum  of  work 
out  of  the  boiler,  by  keeping  the  fires  clear  and  by  frequent 
stoking.  No  air  was  admitted  except  through  the  fire  grates. 
As  the  economic  effect  of  the  fuel  increases  when  the  ratio  of 
the  fire-grate  surface  to  the  absorbing  surface  is  diminished, 
they  adopted  two  sizes  of  fire  grates,  and  obtained  in  conse- 
quence two  standards  of  reference.  With  the  larger  fire  grate 
the  amount  of  work  done  by  the  boiler  per  hour  was  greatest ; 
but  this  was  accomplished  at  a  relative  loss  of  economic  value 
of  the  fnel,  as  compared  with  the  smaller  grate.  The  one  gave 
the  standard  of  maximum  evaporative  power  of  the  boiler,— 
the  other  the  standard  of  economic  effect  of  the  fuel.  The 
grate  areas  were  28 £  and  19±  square  feet  respectively.  The 
heating  surface  of  the  boiler  was  749  square  feet.  The  results 
obtained  are  given  in  the  following  table ; 
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Economic  value,  or  pounds  of  water  evaporated 

from  212°  by  1  lb.  of  coal  ... 
Rate  of  combustion,  or  pounds  of  coal  burned 

per  hour  per  square  foot  of  grate  . 
Rate  of  evaporation  per  square  foot  of  fire  grate 

per  hour,  in  cubic  feet  of  water,  from  60° 
Total  evaporation  per  hour  in  cubic  feet  of 

water  from  60°  ...... 


Fire  grate 
•2H  aq.  ft. 


Fire  grate 
19*  «q.  ft. 


A 

9-41 

B 
1116 

A 
10  06 

B 
12-58 

2115 

19-00 

21-00 

1725 

202 

2  93 

2909 

2-995 

74-80 

79- 12 

56CI 

57-78 

The  columns  marked  A  give  the  general  results,  much 
smoke  being  often  evolved ;  those  marked  B,  the  mean  of  the 
best  results  obtained  in  the  experiments  when  making  no  smoke. 
The  coal  employed  in  these  experiments,  viz.  the  Hartley's,  is 
very  superior  to  that  ordinarily  employed  in  factory  boilers. 
By  an  apparatus  constructed  by  Mr.  Wright,  of  Westminster, 
the  same  experimenters  determined  the  absolute  heating  effect 
of  this  coal,  and  of  some  similar  coal  from  Wales,  to  be  as 
follows : 

Welsh  coal      .  •    .       .       .       .     14-30  lbs.  from  212° 
Hartley  coal  14-63  „  „ 

To  give  some  idea  of  the  practical  economic  effect  of  coal  in 
stationary  engine  boilers,  we  may  transcribe  here  some  results 
obtained  with  care  by  Mr.  John  Graham,  of  Manchester,  not  as 
completely  applying  to  ordinary  practice,  but  as  affording  use- 
ful guidance  when  taken  in  conjunction  with  the  preceding  re- 
sults on  a  better  description  of  coal.  The  water  was  measured 
by  a  metre. 

Ponml*  of  water 
evaporated  from  215° 
by  1  lb.  of  ooal 

Boiler  with  two  internal  furnaces,  known  as  1  breeches  boiler  1     6  88 

Waggon  boiler  10  26 

Cylindrical  boiler  with  external  furnace  7  64 

Butterley  boiler  972 

Mr.  Longridge  has  found  6  to  7J  lbs.  of  water  evaporated 
from  62°  Fahrenheit,  and  converted  into  steam  at  20  to  55  lbs. 
pressure,  per  pound  of  coal,  by  two  fluid  boilers. 

Mr.  Rankine's  formula  for  the  efficiency  of  ordinary  sta- 
tionary boilers  without  a  feed-water  heater  and  with  chimney 
draught  is 

E1  Ala 

-  =    »«  ,     ...  (1)5 
S        8  +  |  P 
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where  e1  is  the  available  evaporative  power  of  one  pound  of 
fuel  in  a  boiler  furnace,  e  the  theoretical  evaporative  power, 
8  area  of  heating  surface,  and  f  the  number  of  pounds  of  fuel 
burnt  per  hour  per  square  foot  of  grate.  But  the  reader  must 
be  referred  to  Mr.  Rankine's  work  on  the  steam  engine  for  a  dis- 
cussion of  the  constants  to  be  employed  under  different  cir- 
cumstances. 

Strength  of  Boilers. — To  be  of  maximum  strength,  both  the 
external  shell  and  the  internal  flues  should  be  as  far  as  possible 
cylindrical.  Where  this  is  impossible  and  flat  surfaces  are 
necessary,  careful  staying  by  gussets  or  longitudinal  stays  is 
essential  to  safety.  The  cylindrical  portions  of  boilers  can  be 
very  easily  proportioned  to  the  steam  they  have  to  bear  by  the 
formulas  which  will  be  given  below.  Certain  restrictions  are 
placed  upon  the  proportions  of  boilers  by  the  nature  of  the 
riveted  joints.  That  these  may  be  steam  and  water  tight  under 
pressure,  and  at  the  same  time  not  unnecessarily  weakened  by 
rivets,  it  has  been  found  best  to  use  plates  of  about  ^  or  f  inch 
thick,  and  plates  of  other  dimensions  are  very  seldom  employed 
in  the  construction  of  boilers.  Thick  plates  are  inefficiently 
riveted,  thin  ones  inefficiently  caulked,  and  this  restricts  the 
available  thickness  for  the  plates  within  nearly  the  limits  which 
have  been  stated.  It  is  necessary,  therefore,  in  proportioning 
boilers,  having  given  the  working  pressure,  to  choose  the  dia- 
meter which  is  suitable  for  such  a  thickness  of  plates,  lessening 
the  diameter  for  high-pressure  boilers  and  increasing  it  for  low- 
pressure  ones.  Length  does  not  affect  the  strength  in  vessels 
subject  to  internal  pressure,  and  hence  the  diameter  is  the  vari- 
able quantity  over  which  we  have  most  control  in  proportion- 
ing the  external  shell.  But  the  flues,  as  will  be  shown,  decrease 
in  strength  with  their  length,  and  this  dimension  is  in  that  case 
more  easily  modified  than  the  diameter. 

The  general  equation  expressing  the  resistance  of  thin  hollow 
vessels  to  internal  strain  is,  for  spherical  vessels, 

4  c  t 

p  =  --(nearly)  ...  (2); 
and  for  cylindrical  vessels,  bursting  longitudinally, 

This  equation  gives  the  bursting  pressure  in  lbs.  per  square 
inch,  when  the  thickness  of  the  plates  c  in  inches,  the  tenacity 
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of  the  joints  t  in  lbs.  per  square  inch,  and  the  diameter  d  in 
inches,  are  given. 

Thus,  for  a  boiler  7  feet  or  84  inches  diameter,  §  inch  or 
•875  inch  thick,  and  with  joints  having  a  tenacity  of  34,000  lbs. 
per  square  inch,  the  bursting  pressure 

=  p  =  2  x  84000  x  -876,  ^  ^ 

84 

The  value  of  t  for  various  materials  is  given  in  the  following 
table : 

Without  jointt  I 

Wrought -iron  plates   50,000 

Steel  plates   100,000  to  130,000 

Copper,  sheet   30,000 

Glass   4,200  to  6,000 

With  joint* : 

Wrought-iron  plates,  double  riveted  ....  35,700 

Wrought-iron  plates,  single  riveted  ....  28,600 

Wrought-iron  boiler  plates,  with  single  joints,  crossed  34,000 

In  the  case  of  well-constructed  wrought-iron  stationary 
boilers  I  have  been  accustomed  to  take  t  =  34,000,  aud  in  this 
case  the  bursting  pressure  of  cylindrical  vessels  is,  as  was  taken 
above, 

68000c 
p  =  — 5  (4). 

But  with  boilers  the  factor  of  safety  is  ordinarily  taken  at  6, 
or  the  working  pressure  is  not  allowed  to  exceed  one-sixth  of 
the  bursting  pressure,  and  in  this  case  the  maximum  strain  on 
the  iron  per  square  inch  of  section  is  5,666  lbs.  Putting  p  for 
the  safe  working  pressure, 

m     11333  c  rjn 

or  in  the  case  of  the  7-foot  boiler  taken  above, 

p  =  11333^  '375  =  50-6  lbs., 

equivalent  to  one- sixth  of  303 J,  the  bursting  pressure. 
For  half-inch  plates  we  get  from  formula  (5), 

5666  c      ,  ,  5666 
p  =  __,andd=-_; 

for  three-eighths  inch  plate  we  have  similarly, 

4250      ,  ,  4250 
P  =  — ,    ,andd  =— — ; 
a  v 
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and  lastly  for  five-sixteenths  inch  plate, 

p  =  and  d  =  ?™ 

a  p 

That  is,  in  words,  to  find  the  safe  working  pressure  of  a  boiler, 
divide  5,666  for  half-inch  plates,  4,250  for  three-eighths  inch 
plates,  and  3,541  for  five-sixteenths  inch  plates,  by  the  diameter 
in  inches.  Similarly,  to  find  the  safe  diameter  for  a  given 
working  pressure,  divide  the  same  numbers  by  that  working 
pressure  in  lbs.  per  square  inch. 

For  flues  subjected  to  an  external  pressure,  I  have  deduced 
experimentally  a  formula  the  data  of  which  are  given  in  *  Use- 
ful Information  for  Engineers,'  second  series.  Putting  p  for 
the  collapsing  pressure  and  p  for  the  safe  working  pressure  as 
before,  c  thickness  of  plates  in  inches,  d  diameter  in  inches, 
l  length  in  feet, 

p  =  806300  °—  ...(6); 

L  D 

p  P2  19 

p  =  *=  134400°  (7). 

r       6  LD  ' 

For  practical  purposes  we  may  substitute  for  the  power  2-19 
the  square  of  the  thickness.  But  it  is  better  to  employ  a  table 
of  logarithms,  when  we  get 

p  =  1-5265  +  2-19  log.  (100  c)  -log.  L  D. 

Thus,  for  example,  to  find  the  collapsing  pressure  of  a  flue  10 
feet  long,  36  inches  in  diameter,  and  composed  of  half- inch 
plates,  we  have  approximately, 

P  =  806300  x  <J^*Tn  =  560  lbs. ; 
36  x  10 

or,  more  accurately,  by  logarithms, 

log.  p  =  1-5265  +  2-19  log.  50  -  log.  360  =  log.  502  lbs. 

en»7 

The  safe  working  pressure  of  this  flue  would  be  -~Z  =  74  lbs. 


This  formula  shows  that  with  vessels  subjected  to  external 
pressure  the  strength  varies  inversely  as  the  length.  That  is,  a 
flue  20  feet  long  will  be  only  one-half  the  strength  of  one  10 
feet  long.  This  remarkable  law  enables  us  to  proportion  the 
strength  of  boiler  flues  with  great  ease.  By  introducing  rigid 
angle  or  T  iron  ribs  riveted  round  the  exterior  of  the  flues,  we 
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virtually  decrease  the  length  and  increase  the  strength  in  the 
same  proportion.  Two  or  three  snch  rings  on  the  flues  of 
boilers,  constructed  of  plates  equal  in  thickness  to  those  of  the 
shell,  will  usually  render  the  resistance  to  collapse  equal  to  the 
"bursting  pressure  of  any  other  part  of  the  boiler. 

Accessories  of  Boilers,  The  Feed  Pump. — Boilers  require 
replenishing  with  water  in  proportion  to  the  waste  caused  by 
evaporation  or  its  conversion  into  steam.  For  this  purpose,  in 
the  early  boilers,  working  at  very  low  pressures,  an  open  stand 
pipe  was  employed  with  a  valve  at  top,  for  the  admission  of  the 
water  from  a  reservoir  regulated  by  a  float  in  the  boiler.  With 
the  increase  of  pressure  at  which  steam  engines  are  now  worked, 
this  stand  pipe  has  been  abandoned  and  replaced  by  the  feed 
pump,  either  attached  to  the  engine  or  worked  by  a  donkey 
engine  attached  to  the  boiler.  The  capacity  of  this  pump  must 
be  such  as  to  discharge  into  the  boiler  two  or  three  times  the 
quantity  of  water  required  by  the  engine  in  the  shape  of  steam. 
The  ample  tables  we  have  already  given  of  the  density  of  steam 
will  enable  this  to  be  calculated  with  perfect  ease.  We  have 
only  to  find  the  volume  of  steam  required  by  the  engine  at  each 
stroke  (depending  on  the  rate  of  expansion  at  which  it  works), 
and  the  pressure  of  the  steam  being  known  we  have  to  seek  its 
weight  in  the  table  of  density,  page  210,  and  provision  must  l>e 
made  for  the  discharge  of  two  or  three  times  this  quantity  into 
the  boiler  at  each  stroke  of  the  engine. 

Back  Pressure  Valves. — To  prevent  accident  in  case  of  stop- 
page or  fracture  of  the  feed  apparatus,  there  should  always  be 
placed  on  the  feed  pipe  between  the  boiler  and  the  regulating 
valve  a  self-acting  valve  to  prevent  the  return  of  the  water. 
Supposing  the  feed  pipe  accidentally  broken,  the  water  in  the 
boiler  would  be  forced  back  by  the  pressure  of  the  steam,  and 
expose  the  boiler  to  injury  by  overheating.  In  such  a  case  the 
back  pressure  valve  is  of  great  service  in  preventing  the  escape 
of  the  water  when  acted  on  by  the  pressure  of  the  steam. 

Feed-water  Heating  Apparatus. — When  the  products  of  Com- 
bustion escape  into  the  chimney  at  an  elevated  temperature, 
the  heat  may  be  utilised  by  the  employment  of  water  tubes 
through  which  the  feed  water  is  introduced  on  its  way  to  the 
boiler.  Of  the  arrangements  adopted  for  this  purpose  the  best 
is  that  of  passing  the  feed  water  through  a  wrought-iron  pipe 
or  supplementary  boiler,  placed  in  the  main  flues  immediately 


Digitized  by  Google 


960 


ON  PRIME-MOVERS. 


behind  the  boiler,  where  the  water  is  heated  to  the  boiling  point 
after  leaving  the  pump.    A  more  complete  apparatus  is  that 
of  Mr.  Green,  of  Wakefield,  known  as  the  '  Fuel  Economises' 
It  consists  of  a  series  of  upright  tubes  through  which  the 
feed  water  passes  on  its  way  to  the  boiler,  and  is  heated  above 
the  boiling  point,  and  steam  in  part  generated.    The  form- 
ation of  soot  on  the  pipes  was  the  source  of  the  ill  success  of 
previous  attempts  in  this  direction.    This  difficulty  Mr.  Green 
has  overcome  by  an  apparatus  of  scrapers  or  cleaners,  consist- 
ing of  rings  encircling  the  pipes,  and  maintained  in  constant 
but  slow  motion  by  chains  and  pulleys  driven  by  a  belt  from 
the  engine.    "With  this  apparatus  it  is  found  that  when  the 
waste  gases  escape  at  a  temperature  of  400°  to  500°,  the  feed 
water  can  be  heated  to  an  average  of  225°,  the  temperature  of 
the  gases  after  leaving  the  pipes  being  reduced  to  250°.  To 
produce  this  effect  10  square  feet  of  heating  surface  are  provided 
for  each  horse  power. 

Water  Gauges. — Every  boiler  should  be  supplied  with  a  glass 
tube,  fixed  in  suitable  stuffing  boxes,  and  open  at  the  top  and 
bottom  to  the  boiler  to  show  the  level  of  the  water.  Gauge 
cocks  at  various  levels  are  sometimes  employed  as  supplementary 
to  the  glass  gauge :  both  are  necessary. 

Steam  Gauges  for  indicating  the  pressure  of  the  steam  are 
also  indispensable  to  the  safe  working  of  the  boiler.    For  low 
pressures  an  open  mercury  column  is  employed  on  the  principle 
of  that  used  by  Regnault  in  his  experiments  ;  and  in  some  cases, 
to  bring  the  indications  within  a  small  compass,  the  fall  of  the 
mercury  in  the  cistern,  rather  than  its  rise  in  the  smaller  tube,  is 
observed.    To  avoid  the  inconvenient  length  of  the  open  mer- 
cury column,  the  air  gauge  has  been  used,  in  which  the  mercury 
in  its  rise  condenses  the  air  in  a  closed  glass  tube.    This  gauge, 
accurate  and  sensitive,  has  yet  the  fault  that  the  indications  de- 
crease in  length  as  the  pressure  increases,  and  there  is  also  some 
difficulty  in  preserving  the  quantity  of  air  in  the  gauge  constant. 
Recently  Mr.  Allan  has  overcome  these  difficulties  by  the  use 
of  a  conical  air  chamber,  so  arranged  that  the  indications  of  the 
gauge  shall  be  uniform  at  all  pressures,  and  the  air  can  be  re- 
newed at  any  instant.    In  M.  Bourdon's  gauge  a  curved  metallic 
tube,  communicating  at  one  end  with  the  steam  boiler,  and  at  the 
other  closed,  is  used.    The  curvature  of  this  tube  decreases  with 
the  increase  of  pressure  in  its  anterior,  and  the  closed  end  being 
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free  to  move  is  connected  with  an  arrow  moving  over  a  graduated 
arc  and  marking  the  pressure.  In  Schaeffer  and  Budenberg's 
gauge  the  pressure  acts  on  a  flat  corrugated  plate  of  steel  which 
expands  and  raises  a  rack  acting  on  a  toothed  wheel,  and  carry- 
ing a  similar  arrow  to  indicate  the  amount  of  pressure.  In 
Smith's  gauge  a  flat  spiral  spring  is  used,  against  which  the 
pressure  acts  through  the  medium  of  a  plate  of  india-rubber. 
All  these  gauges  should  be  fixed  on  the  boiler  with  a  siphon  in 
which  water  from  the  boiler  may  condense.  In  this  way  the 
pressure  in  the  boiler  is  transmitted  through  the  column  of 
water,  and  at  the  same  time  the  gauge  is  unaffected  by  the  tem- 
perature of  the  steam. 

Safety  Valves. — I  usually  place  three  safety  valves  on  boilers, 
as  shown  in  fig.  173  ;  two  of  these  have  fixed  weights  on  their 
levers,  and  the  other  is  pressed 
down  by  a  spring  balance,  and 
serves  to  regulate  the  working 
pressure  of  the  boiler.  The 
two  larger  valves  for  a  fifty- 
horse  boiler  have  each  an 
area  of  12  square  inches.  The 
third  is  of  only  5  square  inches 
area.  These  valves  are  fixed 
to  a  common  valve  seating. 
The  bearing  surfaces  of  the 
valves  are  made  either  flat, 
conical,  or  spherical.  Flat 
valves  have  a  tendency  to 
blow  off  at  too  low  a  pres- 
sure, from  the  steam  getting 
between  the  bearing  surfaces.  These  valves  should  always  be 
open  to  the  atmosphere,  that  they  may  be  seen. 

Man  Holes  are  required  to  obtain  access  to  the  boiler  for 
purposes  of  examination  and  cleaning.  In  double-flued  boilers 
one  must  be  placed  beneath  the  flues  as  well  as  above  them. 
Mud  Cocks  are  placed  near  the  bottom  of  boilers  for  the  dis- 
charge of  water  and  sediment. 

Fusible  Plugs  are  portions  of  metal  fusing  at  a  temperature 
not  greatly  exceeding  the  maximum  working  temperature  of  the 
steam,  and  fixed  in  that  portion  of  the  boiler  most  liable  to  be 
overheated  from  deficiency  of  water.    These  plugs  are  of  pure 
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lead  or  of  an  alloy  of  bismuth,  lead,  and  tin,  according  to  the 
temperature  they  are  required  to  melt  at,  and  they  are  thought 
to  prevent  danger  by  relieving  the  pressure  of  the  boiler,  and 
putting  out  the  fire  before  the  plates  are  injured  by  overheating. 
These  plugs,  however,  tend  to  lose  their  fusibility,  and  to  become 
coated  with  a  protecting  coat  of  oxide  or  sediment,  which  pre- 
vents the  communication  of  heat.  They  are  not  a  very  reliable 
provision. 

Plans/or  the  Prevention  of  Smoke.  —  Amongst  the  earliest  of 
these  we  may  class  those  which  depend  on  mechanical  means 
for  the  supply  of  the  fuel. 

Of  this  class  is  the  earliest  patent  for  smoke  prevention  taken 
out  by  James  Watt  in  1785.  By  this  plan  the  fire  is  supplied 
from  above  downwards  by  a  reservoir  of  fuel  in  contact  with  the 
burning  mass,  the  combustion  of  which  is  supported  by  a  strong 
lateral  current  of  air  passing  direct  through  the  fire  to  a  flue  on 
the  other  side,  aided  by  a  slight  downward  current  beside  or 
through  the  fuel,  which  last  descends  by  its  own  gravity  as  it  is 
consumed.  For  the  purpose  of  intercepting  and  completing  the 
combustion  a  clear  fire  is  maintained  at  the  entrance  into  the 
flues,  so  that  the  products  of  the  first  fire,  being  subjected  to 
the  intense  heat  of  the  second  and  mingled  with  atmospheric 
air,  may  be  effectually  consumed. 

Apart  from  the  external  reservoir,  we  owe  to  Watt  the  dead 
plate  very  generally  adopted  in  stationary  boilers.  The  fresh 
fuel  is  thrown  upon  the  dead  plate,  where  it  gradually  cokes, 
the  more  volatile  constituents  distilling  over  and  being  con- 
sumed by  the  bright  fire  beyond.  Then  the  coked  fuel  is  pushed 
back  on  to  the  bars  and  a  new  supply  introduced  in  front.  This 
plan,  where  proper  provision  is  made  for  the  supply  of  the  ne- 
cessary quantity  of  air,  obviates  the  production  of  smoke  as 
effectually  as  many  more  complicated  contrivances. 

The  succeeding  patentees  of  the  principle  of  mechanical  feed- 
ing as  a  substitute  for  hand  labour,  have  followed  two  different 
plans.  Some  have  made  the  grate  itself  to  carry  forward  the 
fuel,  either  by  revolving  horizontally  or  by  rolling  forward  lon- 
gitudinally, the  grate  bars  being  connected  together  to  form  an 
endless  chain,  or  by  the  oscillation  of  the  alternate  bars  causing 
the  thrusting  forward  of  the  fuel  by  what  has  been  called  a 
peristaltic  movement.  Others  have  made  the  grate  stationary, 
and  have  used  fans  revolving  horizontally  to  distribute  the  fuel 
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over  the  grate  bars.  In  all  these  cases  the  coal  is  supplied 
slowly  and  uniformly  from  a  hopper.  There  is  no  doubt  that 
the  uniform  distribution  of  the  fuel  over  the  whole  surface  of 
the  grate  bars,  so  far  as  it  is  secured  by  these  systems,  must  be 
to  a  large  extent  advantageous  in  the  diminution  of  smoke  and 
economy  of  fuel.  At  one  time  they  were  extensively  used,  but 
the  complication  and  expense  of  the  apparatus  has  led  to  their 
general  abandonment  and  the  return  to  hand-feeding. 

Other  plans  for  the  prevention  of  smoke  depend  on  a  double 
furnace  with  alternate  firing. 

Double  furnaces  patented  by  Mr.  Losh  were  in  use  as  early 
as  1815,  and  in  various  modifications  have  been  employed  ever 
since.    The  principle  of  double  furnaces  within  the  same  boiler 
was  first  introduced  by  myself ;  and  the  plan  adopted  has 
already  been  described  as  the  double-flued  boiler.    The  two 
flues  enable  the  stoker  to  fire  alternately,  and  so  maintain  a 
more  uniform  generation  of  steam  than  with  a  single  flue  ;  and 
the  flame  passing  from  one  flue  mingling  with  the  gases  from 
the  other,  assists  in  their  combustion.    I  believe  that  this  simple 
system  of  alternate  firing,  when  conjoined  with  the  requisites  of 
the  economical  generation  of  steam — viz.  plenty  of  capacity  in 
the  boiler,  sufficient  admission  of  air,  and,  what  is  quite  as 
necessary,  careful  and  attentive  stoking — will  effect  the  preven- 
tion of  smoke  without  any  costly  apparatus,  so  far  as  that  is 
possible,  with  any  given  description  of  fuel.    There  is  this 
further  advantage  in  double  furnaces,  that  the  air  required  for 
combustion  is  necessarily  variable.     Now  a  double  furnace 
tends  to  equalise  the  supply.    The  two  furnaces  fed  alternately 
will  not  require  a  maximum  or  a  minimum  quantity  at  the 
same  time,  and,  as  the  two  currents  of  gaseous  products  mingle, 
the  surplus  air  of  the  one  furnace  will  supply  the  deficiencies 
of  the  other.    In  this  way  the  tendency  is  to  compensate  the 
supply  and  demand,  and  prevent  waste  from  too  large  or  too 
small  a  quantity  in  either  furnace. 

Others,  in  seeking  the  prevention  of  smoke,  have  introduced 
an  additional  supply  of  air  over  the  fire. 

Mr.  C.  Wye  Williams  was  one  of  the  earliest,  as  he  has  been 
the  most  pertinacious  and  consistent,  advocate  of  the  introduc- 
tion of  a  large  additional  volume  of  air  into  the  furnace,  and 
we  have  to  thank  him  for  the  labour  he  has  expended  in  proving 
the  necessity  for  air  as  one  of  the  prime  conditions  of  economy 
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of  fuel  and  success  in  the  prevention  of  smoke.  Mr.  Wye  Wil- 
liams contends  for  a  uniform  admission  of  cold  air  to  the  fur- 
nace,  relying  upon  frequent  thin  feeding  to  equalise  the  needs 
of  the  furnace.  The  peculiar  principle  of  his  plan  is  the  me- 
chanical division  of  the  air  by  causing  it  to  enter  the  furnace 
through  what  he  terms  a  diffusion  plate,  or  partition  perforated 
with  numerous  small  apertures.  This  is  usually  placed  behind 
the  bridge  where  the  gases  needing  combustion  pass  into  the 
flues.  There  is  no  doubt  that  this  is  a  convenient  method  for 
the  introduction  of  air,  and  has  in  many  instances  effectually 
prevented  the  formation  of  smoke. 

Mr.  Syme  Prideaux  contends  for  a  variable  admission  of  air, 
greatest  when  the  fuel  is  first  thrown  on,  and  decreasing  to  the 
ordinary  supply  through  the  grate  bars  as  the  fire  burns  clear. 
For  this  purpose  he  constructs  his  furnace  doors  with  metal 
Venetians,  which  open  by  a  self-acting  apparatus  when  the  fuel 
is  supplied.  They  then  gradually  close  at  a  regulated  speed, 
altogether  independently  of  the  care  of  the  fireman.  The  air  en- 
tering through  the  door  is,  by  an  arrangement  of  plates,  warmed 
as  it  enters  the  furnace,  and  carries  back  the  heat  radiating 
from  the  door. 

All  these  systems  are  more  or  less  effective ;  but  I  am  inclined 
to  think  that  a  judicious  engineer,  with  a  careful  stoker  or  fire- 
man, will  effect  all  the  objects  to  be  attained  with  the  means 
placed  at  his  disposal,  in  a  well-constructed  boiler  of  sufficient 
capacity,  and  with  a  simple  furnace  such  as  has  been  described 
in  the  foregoing  chapter,  as  completely  as  can  be  done  by  any 
one  of  the  numerous  nostrums  held  forth  as  the  only  antidotes 
for  smoke,  and  promising  great  economy  of  fuel. 
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CHAPTER  IX. 

ON  WINDMILLS. 

Atmospheric  disturbances  causing  wind  have  from  a  high 
antiquity  been  employed  as  a  motive  power,  and  probably  the 
earliest  application  of  this  force  was  the  propulsion  of  ships  by 
sails.  Amongst  the  most  primitive  races,  long  before  we  made 
much  progress,  this  power  was  applied  in  the  navigation  of 
small  vessels  ;  and  the  ancient  Phoenicians,  Greeks,  and  Romans 
were  all  of  them  well  acquainted  with  this  mode  of  employing 
the  force  of  the  wind  for  purposes  of  human  industry.  It  is  to 
be  regretted  that  we  have  no  records  of  the  time  when  it  was 
applied  as  a  motive  power  in  mills ;  this  event  is  lost  in  the 
oblivion  of  the  past,  and  it  was  not  till  early  in  the  thirteenth 
century  that  we  find  the  Dutch  and  French  employed  in  the 
construction  of  windmills  adapted  to  the  wants  of  an  energetic 
and  industrious  population.  These  times  were  marked  by  a 
growing  intelligence  that  encouraged  and  fostered  inventive 
talent,  and  the  Dutch  millwrights  and  engineers  were  long  cele- 
brated for  their  skill  and  knowledge  in  every  art  that  had  for  its 
object  the  improvement  of  the  industrial  resources  of  the 
people. 

The  following  account  of  their  ancient  history,  as  far  as  our 
knowledge  extends,  may  not  be  uninteresting  to  the  general 
reader : 

'When  were  windmills  introduced  into  England?  The 
Romans  had  hand,  and  cattle,  and  water  mills ;  but  "  it  is  very 
improbable,  or  much  rather  false/*  says  Beckmann,  "  that  they 
had  windmills ; "  nor  does  there  seem  to  be  any  sufficient 
ground  for  the  common  notion  that  Europe  derived  its  wind- 
mills from  the  Saracens  through  the  Crusaders. 

1  It  is  after  or  about  the  date  of  the  Norman  Conquest  that 
we  begin  to  hear  mention  of  mills  moved  by  wind  in  this  quarter 
of  the  world.  "  They  were  first  known  in  Spain,  France,  and 
Germany,"  says  one  of  the  authorities  quoted  by  Haydn,  "  in 
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1 299."  When  were  they  first  known  in  England  ?  The  "  Boldon 
Book  "  of  1183  has  frequent  mention  of  mills— as,  for  example, 
when  it  speaks  of  our  sister-borough  at  the  other  end  of  Tyne 
Bridge  :  "  Gatesheued,  cum  burgo  et  molendinis,  et  piscariis  et 
furnis,  et  cum  tribus  partibus  terrse  arabilis  de  eadem  villa, 
reddit  Ix.  marcas.")  ("  Gateshead,  with  its  borough  and  mills, 
and  fisheries  and  bakehouses,  and  with  three  parts  of  the  arable 
land  of  the  said  town,  renders  60  marcs.")  But  there  is  no  direct 
description  of  the  kind  of  mills  which  were  in  use.  We  are  not 
left,  however,  without  some  clue.  "  William,"  we  are  told, 
"  holds  Oxenhall :  to  wit,  one  ploughland  and  two  cultures  of 
the  territory  of  Darlington,  which  Osbert  de  Selby  used  to  hold 
to  farm,  in  exchange  for  two  ploughlands  of  land  at  Ketton," 
&c.  &c. :  "  debet  etiam  habere  molendinum  equorum."  ("  He 
ought  also  to  have  the  horse  mill.")  And,  again,  "  Guydo 
de  Redwortha  *  *  *  operatur  ad  stagnum  molendini,  et 
vadit  in  legationibus  Episcopi."  ("  Guy  of  Red  worth  works  at 
the  raill-dam,  and  goes  on  the  bishop's  errands.")  So  that 
there  were  horse  and  water  mills  in  the  time  of  Bishop  Pudsey ; 
but  the  "  Boldon  Book  "  affords  us  no  glimpse  of  a  windmill, 
with  its  revolving  wands,  lending  a  picturesque  air  to  the 
scenery  of  the  bishopric.  In  the  volume,  however,  before  us, 
containing  Hugh  Pudsey's  survey  of  the  county  palatine  (edited 
for  the  Surtees  Society  by  the  Rev.  William  Greenwell),  there 
is  also  a  roll  of  receipts  and  expenditure  of  the  25th  year  of 
Bishop  Bee  (1307),  wherein,  among  repeated  mentions  of  mills, 
there  is  specified  distinctly,  not  only  a  water,  but  a  wind  mill : 
"  Refectio  Molendinorum. — In  refectione  molend'  de  Heighinton', 
71s.  8±d.  In  ref.  molend' de  Northaukland,  24*.  In  ref.  inoln' 
fullon'  ibidem,  19*.  7d.  In  refn.  moln'  de  Wolsingham,  100*.  2dm 
In  refh.  moln*  de  Cestr',  12*.  7±d.  In  ref.  moln' de  Gatesheued, 
13*.  6d,  In  refn.  moln*  de  Ryton',  10*.  In  uno  novo  molendino 
aquatico  facto  apud  Brunhop',  119*.  lOd.  *  *  In  refn.  moln*  de 
Norton'  ad  tascam,  31*.  Sd.  In  solutione  facta  Roberto  de 
Tevydale  carpentario  pro  meremio  colpando  ad  j.  molendinum 
ventriticum  faciendum  apud  Norton',  20*."  Have  we  not  here  a 
Scotch  carpenter  (we  may  not  call  him  a  millwright)  cutting 
wood  to  make  a  windmill  at  Norton,  and  receiving  twenty 
shillings  for  his  job?  It  is  evident,  then,  that  one  windmill,  at 
least,  came  into  existence  in  the  bishopric  so  early  as  1807; 
and  we  must  not  rashly  draw  any  larger  conclusions.    We  must 
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not  conclude  that  there  was  only  one.    The  sites  of  some  of  the 
other  mills  mentioned  in  Bishop  Bee's  roll,  it  has  been  sug- 
gested to  us,  would  seem  to  point  to  wind  as  the  moving  power. 
There  is,  for  example,  the  mill  at  "  Clivedon  "  (Cleadon). 
{"Firmce  Molendinorum.—De  mom'  de  Boldon',  Clivedon',  et 
Wjteburne,  81.  16*.")    And  there  can  be  little  doubt  that  in 
other  parts  of  England  (and  not  improbably  in  our  own)  wind- 
mills had  for  a  considerable  time  been  enlivening  our  land- 
scapes.   Long  before  1299  (the  date  assigned  for  their  simul- 
taneous introduction  into  France,  Spain,  and  Germany),  Don 
Quixote  might  have  tilted  with  the  four-armed  giants  of  France 
and  Britain.  "  Mabillon,"  says  Beckmann,  "  mentions  a  diploma 
of  1105  99  (when  the  Crusades  were  in  their  early  infancy),  "in 
which  a  convent  in  France  is  allowed  to  erect  water  and  wind 
mills  (molendina  ad  ventum)  ;  "  and  "in  the  year  1143  there 
was  in  Northamptonshire  an  abbey  (Pipe well),  situated  in  a 
wood  which,  in  the  course  of  180  years,  was  entirely  destroyed ; " 
one  cause  of  its  destruction  being  said  to  be,  "  that  in  the  whole 
neighbourhood  there  was  no  house,  wind  or  water  mill  built,  for 
which  timber  was  not  taken  from  the  wood.    (Dugdale,  Mon.  i. 
p.  816.)    The  letter  of  donation,  which  appears  also  to  be  of  the 
twelfth  century,  may  be  found  in  the  same  collection  (ii.  p.  459). 
In  it  occurs  the  expression  molendinum  ventritioum.    In  a  charter 
also,  in  vol.  iii.  p.  107,  we  read  of  molendinum  ventorium.  (See 
Dugdale's  Monasticon,  ed.  nov.  vol.  v.  p.  431,  442.)" 

'  From  this  it  appears  that  we  did  not  get  our  windmills  from 
the  Saracens  ;  and  the  probability  is  that  we  had  them  on  this 
side  of  Europe  before  they  came  into  use  on  the  other.  It  was 
not  till  1332  that  Bartolomeo  Verde  proposed  to  the  Venetians 
to  erect  a  mill  to  go  by  wind  ;  and  a  site  was  only  granted  to 
him  on  condition  of  its  surrender  if  his  experiment  should  fail. 
Windmills  were  probably  scant  at  the  close  of  the  eleventh 
century,  when  the  Crusades  broke  out ;  but  in  the  twelfth  they 
began  to  be  more  common,  arid  "  a  dispute  arose  whether  the 
1 1  thes  of  them  belonged  to  the  clergy  " — a  question  which  Pope 
Celestine  III.  very  naturally,  and  not  unreasonably,  determined 
in  favour  of  the  Church.' 

An  ingenious  writer  in  the  '  Practical  Mechanics'  Magazine' 
states  that  *  About  seventy  years  ago,  a  master  mariner,  residing 
at  Dunbar,  in  Haddingtonshire,  devised  a  novel  windmill  on  the 
horizontal  construction.    It  consisted  essentially  of  an  upright 
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shaft,  which  carried  four  arras,  at  the  extremities  of  which  were 
four  masts,  rigged  with  trysails,  and  the  sheets  were  adjusted  so 
that  the  sails  might  take  their  proper  positions,  according  as 
they  were  acted  on  by  a  beam  wind,  "  booming  out,"  or  coming 
up  in  the  "  wind's  eye."  A  mill  so  constructed  would  not  possess 
the  important  element  of  durability,  as  the  violent  jerks  im- 
parted to  the  sheets  would  very  soon  snap  them.  Several  mills 
on  the  horizontal  construction  were  in  use  at  the  town  of  Eli,  in 
the  litigious  kingdom  of  Fife,  at  the  end  of  the  last  century, 
and  were  employed  in  grinding  indigo;  but  they  have  long 
since  been  removed. 

1  In  the  twelfth  century,  when  windmills  began  to  be  more 
common,  a  dispute  arose  whether  the  tithes  of  them  belonged  to 
the  clergy,  and  Pope  Celestine  III.  very  considerately  decided 
the  question  in  favour  of  the  Church. 

*  About  three  or  four  centuries  ago,  the  avaricious  landholders, 
favoured  by  the  meanness  and  injustice  of  Government  and  the 
weakness  of  the  people,  extended  their  regality  or  kingsliip  not 
only  over  all  streams,  but  also  over  the  very  air,  and  mills  which 
it  impelled ;  so  that  small  proprietors,  before  erecting  a  wind- 
mill upon  their  own  property,  had  first  to  obtain  permission 
from  the  superior  of  the  province  before  doing  so. 

*  The  early  mills  were  immovable,  and  could  only  work  when 
the  wind  was  in  one  quarter ;  they  were  afterwards  placed,  not 
on  the  ground,  but  on  a  float  which  could  be  moved  round 
in  such  a  manner  that  the  mill  should  catch  every  wind.  This 
method  gave  rise,  perhaps,  to  the  invention  of  movable  mills. 

*  To  turn  the  mill  to  the  wind,  two  methods  have  been  in- 
vented, and  are  in  common  use :  in  the  one  the  whole  structure 
is  arranged  so  as  to  turn  on  a  post  below ;  and  in  the  other  the 
roof  alone,  together  with  the  axle  and  the  wings,  is  movable. 
Mills  of  the  former  kind  are  called  German  mills ;  those  of  the 
latter,  Dutch  mills.  They  were  both  moved  round  either  by  a 
wheel  and  pinion  within,  or  by  a  long  lever  without,  which  acted 
as  a  stay  to  the  structure,  and  which  was  sometimes  connected 
at  its  extremity  to  a  cart  wheel,  in  order  to  facilitate  its  move- 
ment horizontally. 

'  During  the  period  of  the  Crimean  war,  the  writer  had  an 
opportunity  of  examining  several  of  the  windmills  in  European 
Turkey,  and  also  in  the  Crimea. 

1  Around  the  town  of  Eupatoria,  in  the  Crimea,  there  ap- 


Digitized  by  Google 


WINDMILLS 


27", 


peared  to  be  nearly  200  windmills,  chiefly  employed  in  grinding 
corn  ;  and  all  which  were  in  a  workable  state  were  of  the  vertical 
construction,  and  only  one  horizontal  mill,  which  seemed  to  have 
been  out  of  use  for  at  least  a  quarter  of  a  century.  The  tower 
of  this  mill  was  built  of  brickwork,  about  20  ft  diameter  at 
the  base,  and  about  17  ft.  at  the  top,  and  20  ft.  high ;  the  re- 
volving wings,  which  consisted  of  six  sets  of  arms,  appeared  to 
be  about  20  ft.  diameter  and  about  6  ft.  broad,  fitted  with 
vertical  shutters  which  were  movable  on  pivots  passing  through 
the  arms,  the  shutters  being  each  about  12  in.  wide  by  5  or  6  ft. 
high,  and  the  pivots  were  fixed  at  about  one-third  of  the  breadth 
from  the  edge  of  the  shutters,  in  order  that  the  wind  might  open 
and  shut  them  at  the  proper  time,  during  the  revolution  of  the 
wings.  About  one-third  of  the  circumference  of  the  wings 
was  surrounded  by  a  segmental  screen  to  shelter  the  arms  and 
shutters  while  moving  up  against  the  wind,  and  the  screen 
seemed  to  have  been  hauled  round  with  ropes,  in  order  to  suit 
the  direction  of  the  wind. 

'  The  writer  also  examined  one  of  the  most  recently  erected 
mills  on  the  vertical  construction,  which  had  the  words  "Moulin 
Franqais"  inscribed  upon  the  door,  by  way  of  recommendation. 
The  tower  of  this  mill  was  also  of  brickwork,  and  appeared  to  be 
18  ft.  diameter  at  the  base,  and  about  15  ft.  at  the  top,  and  about 
22  ft.  high ;  the  four  wings  were  about  35  ft.  diameter,  and  of 
a  rectangular  shape,  about  15  ft.  long  and  5  ft.  broad  ;  the  surface 
exposed  to  the  wind  was  increased  or  diminished  by  the  appli- 
cation of  canvas  sails,  whose  spread  could  be  raised  by  reefing 
or  twisting  up  the  extreme  end  of  the  sails  when  the  mill  was 
in  a  state  of  rest.  The  main  axle,  which  was  octagonal  in  form, 
was  constructed  of  oak,  about  15  in.  diameter  at  the  neck,  and 
about  10  in.  at  the  rear  end.  The  front  of  the  axle,  which  re- 
ceived the  arms,  was  square,  and  the  two  pairs  of  arms  did  not 
intersect  the  axle  in  the  same  plane,  the  one  pair  being  in  ad- 
vance of  the  other ;  all  the  arms  butted  against  the  axle,  and 
were  united  to  it  by  side  pieces,  which  were  securely  bolted  to 
the  arms  and  through  the  axle,  which  rendered  mortising  un- 
necessary, and  preserved  the  strength  of  the  shaft.  The  bearing 
in  which  the  neck  of  the  axle  revolved  seemed  to  be  formed  of 
some  hard  wood,  probably  lignum  vitae,  and  was  lubricated  with 
soft  soap  and  piumbago.  The  rear  end  of  the  shaft  was  fitted 
with  an  iron  gudgeon,  about  3  in.  diameter,  secured  by  iron 
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hoops  and  wedges.  About  the  middle  of  its  length,  this  axle 
carried  a  face  wheel  about  4  ft.  diameter,  which  was  constructed 
entirely  of  timber  ;  its  arms  were  mortised  through  the  axle,  and 
secured  by  iron  hoops  round  the  rim,  which  formed  the  bearing 
surface  for  the  friction  strap  or  brake  for  arresting  the  speed 
of  the  mill.  The  teeth  of  this  wheel,  which  were  about  3£  or 
4  inches  broad  and  4£  pitch,  geared  into  a  "  trundle,"  or  pinion, 
about  14  or  15  in.  diameter,  fixed  on  the  top  of  a  long  vertical 
wrought-iron  shaft,  about  2  J  in.  square,  which  was  coupled  at  its 
lower  extremity  to  the  rhynd  on  the  top  of  the  millstone  spindle, 
the  long  shaft  being  steadied  by  a  bearing  near  the  centre  of  its 
length  to  prevent  any  jarring  or  vibration  being  communicated 
to  the  revolving  millstones.  When  the  writer  visited  the  mill, 
the  miller  was  engaged  in  laying  on  the  revolving  stones ;  he 
was  thus  enabled  to  see  the  working  faces.  The  millstones  were 
about  3£  ft.  in  diameter,  and  were  formed  of  a  single  stone, 
similar  in  appearance  to  the  white  siliceous  burr  obtained  from 
the  quarries  near  Rouen.  The  stones  were  not  indented  with 
roads  and  channels  to  assist  in  grinding  and  throwing  out  the 
flour,  like  our  flour  stones  in  Britain,  but  were  simply  roughened 
or  cracked  with  the  miller's  pick.  The  neck  of  the  millstone 
spindle  was  guided  by  a  bushing  of  hard  wood,  with  the  fibre 
endways, — a  mode  of  bushing  employed  for  more  than  half  a 
century  in  the  flour  mills  of  this  country,  and  which,  no  doubt, 
gave  the  idea  to  Mr.  Penn,  of  Greenwich,  for  his  mode  of  bush- 
ing the  screw  shafts  in  our  modern  steamers,  and  which  was 
better  than  gun  metal  in  situations  precluding  the  use  of  un- 
guents. 

'  When  the  mill  was  set  agoing,  the  wings,  which  were  35  ft. 
diameter,  performed  29  revolutions  p«r  minute,  when  loaded, 
and  the  extremity  of  the  sails  acquired  a  velocity  of  about  3,200 
ft.  per  minute,  or  nearly  35  miles  per  hour,  and  which  showed 
that  the  "  Crim  Tartars"  knew  the  importance  of  letting  off 
their  prime-movers, — a  subject  not  too  well  understood  by  some 
of  our  British  millwrights  as  yet.' 

It  is  more  than  probable  that  we  are  indebted  to  the  Dutch 
for  our  improved  knowledge  of  windmills  and  wind  as  a  motive 
power,  and  it  is  within  my  own  recollection  that  the  whole  of 
the  eastern  coasts  of  England  and  Scotland  were  studded  with 
windmills  ;  and  that  for  a  considerable  distance  into  the  interior 
of  the  country.    Half  a  century  ago,  nearly  the  whole  of  the 
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grinding,  stamping,  sawing,  and  draining  was  done  by  wind  in 
the  flat  countries,  and  no  one  could  enter  any  of  the  towns  in 
Northumberland,  Lincolnshire,  Yorkshire,  or  Norfolk,  but  must 
have  remarked  the  numerous  windmills  spreading  their  sails  to 
catch  the  breeze.  Such  was  the  state  of  our  windmills  sixty 
years  since,  and  nearly  the  whole  of  our  machinery  depended 
on  wind,  or  on  water  where  the  necessary  fall  could  be  secured. 
These  sources  of  power  have  nearly  been  abandoned  in  this 
country,  having  been  replaced  by  the  all-pervading  power  of 
steam.  This  being  the  case,  wind  as  a  motive  power  may  be 
considered  as  a  thing  of  the  past,  and  a  short  notice  will  there- 
fore suffice. 

Windmills  may  be  arranged  in  two  classes,  namely,  the 
horizontal  and  the  vertical,  the  sails  in  the  one  revolving  on  a 
vertical  axis,  in  the  other  upon  a  horizontal  axis,  depressed  or 
raised  at  a  certain  angle  to  the  horizon.  The  first  of  these  has 
been  very  little  used;  the  latter  kept  its  ground  against  all 
competitors  until  it  was  supplanted  by  its  more  energetic  oppo- 
nent in  the  shape  of  steam. 

Much  has  been  done  and  a  great  deal  of  labour  has  been  ex- 
pended in  endeavouring  to  improve  the  horizontal  mill,  but  with- 
out success.  In  fact,  the  horizontal  windmill  requires  so  large 
a  surface  exposed  to  the  plane  of  motion,  while  moving  in  a 
medium  of  the  same  density  by  which  it  is  impelled,  that  it 
suffers  great  retardation ;  and, from  the  principle  of  the  construc- 
tion and  the  position  of  the  vanes,  only  one  or  two  can  be  in 
action  at  the  same  time.  Now  this  is  not  the  case  with  the 
vertical  windmills,  as  all  the  sails,  four  or  five  in  number,  act 
simultaneously,  and  generally  attain  a  speed  greater  than  the 
velocity  of  the  wind. 

One  of  the  earliest  windmills  employed  in  Scotland  was 
erected  in  1720,  near  Dunbar,  in  Haddingtonshire,  and  was 
employed  in  making  pearl  barley,  and,  like  a  large  portion  of 
the  barley  mills  in  Holland  (of  which  it  was  a  copy),  turned  out 
an  unremunerative  speculation.  With  a  moderate  wind  the 
wings  had  not  power  enough  to  drive  the  barley  mill ;  and,  when 
blowing  fresh,  they  often  became  unmanageable  when  the  mill 
was  being  emptied  of  barley,  and  sometimes  set  the  brake  wheel 
on  fire.  A  very  simple  plan  of  correcting  the  variable  resistance 
would  be  to  have  two  barley  mills,  and  work  them  alternately ; 
while  the  one  was  finishing  the  barley  the  other  could  be  re- 
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ceiving  its  supply  of  corn,  which  would  render  the  resisting  load 
nearly  uniform,  and  thus  control  the  speed  of  the  wings. 

About  the  year  1750,  Mr.  Andrew  Meikle,  of  Houston  Mill, 
in  Haddingtonshire,  effected  several  important  improvements 
upon  windmills,  and  was  the  first  to  devise  a  really  useful 
automatic  appliance  for  moving  the  sails  so  as  to  catch  every 
wind.  This  he  accomplished  by  means  of  a  supplementary  set 
of  revolving  vanes,  about  10  ft.  diameter,  situated  in  the  rear, 
and  at  right  angles  to  the  cardinal  sails  ;  by  reducing  the  motiou 
of  the  new  set  of  vanes  about  5,000  times,  through  the  interven- 
tion of  wheel- work,  and  a  worm,  operating  upon  a  dead  worm 
ring  bolted  to  the  mason-work  of  the  tower,  he  caused  the  cap 
of  the  tower,  along  with  the  axle  and  the  cardinal  wings,  to  veer 
round  to  the  wind,  and  these  smaller  vanes  were  termed  the 
*  fan-tail.'  The  next  improvement  which  Mr.  Meikle  attempted 
was  an  appliance  for  reefing  the  sails  when  the  mill  was  in 
motion.  His  first  attempts  were  not  attended  with  success; 
but  in  1780  he  devised  a  most  ingenious  adaptation  of  the 
centrifugal  governor,  viz.  a  sliding  frame  on  the  front  of  the 
wings  which  operate  upon  rollers  placed  transversely  with  the 
arms,  and  wound  up  or  reefed  the  narrow  canvas  sails  when 
the  wings  attained  too  great  a  velocity,  and  the  unfurling  of  the 
sails  or  increasing  their  spread  was  accomplished  by  a  weight 
which  actuated  a  rod  passing  through  the  centre  of  the  main 
axle,  and  operated  centripetally  on  the  sliding  frames,  and  then 
unwound  the  canvas  when  the  motion  of  the  wings  was  too 
much  retarded.  This  was  the  first  successful  automatic  reefing 
apparatus  applied  to  windmills,  and,  when  the  wind  was  not 
squally,  imparted  to  the  vanes  a  precision  of  motion  little 
inferior  to  some  of  our  modern  steam  engines,  and  by  varying 
the  weights  for  unfolding  the  sails  the  power  of  the  mill  could 
be  increased  or  diminished  with  facility. 

In  the  year  1 788,  about  two  years  after  Mr.  Meikle  invented 
the  thrashing  machine,  he  applied  his  improved  windmill 
for  thrashing  corn  ;  and,  in  order  to  illustrate  Mr.  Meikle's 
ingenuity  in  erecting  windmills  for  farm  purposes,  it  was  his 
practice  always  to  erect  the  thrashing  mill  previous  to  the  wings 
of  the  windmill,  and,  as  the  thrashing  drum  revolved  upwards 
of  twenty  times  faster  than  the  main  axle,  the  gearing  of  the 
thrashing  mill  formed  a  convenient  crane  for  elevating  the 
wings  after  being  attached  one  by  one  to  the  axle  at  the  lower 
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part  of  this  circuit.  Mr.  Meikle  was  described  by  those  who 
knew  him  as  possessing  much  shrewdness  and  originality  in  his 
profession ;  and,  with  the  exception  of  the  late  Mr.  Smeaton, 
and  the  elder  Rennie,  who  was  Mr.  Meikle's  pupil,  was  one  of 
the  ablest  millwrights  of  his  day,  and  died  poor  and  unrecom- 
pensed  for  his  many  useful  inventions. 

In  the  year  1 758  the  late  Mr.  John  Smeaton  instituted  a 
series  of  experiments  with  a  model  windmill  about  2  ft.  dia- 
meter, in  order  to  ascertain  the  best  shape  and  angle  for  the 
sails  of  windmills.  In  the  experiments  referred  to,  the  air  was 
in  a  state  of  rest,  and  a  progressive  motion  was  communicated 
to  the  mill  by  meaus  of  a  determinate  weight  acting  by  means 
of  a  cord  coiled  round  an  axis  with  a  horizontal  arm,  at  the 
extremity  of  which  were  four  small  movable  sails ;  thus  the 
sails  met  with  a  constant  and  equable  blast  of  air,  and,  as  they 
moved  round,  a  cord  with  a  weight  affixed  was  wound  about 
their  axes,  and  they  showed  what  construction  of  sails  and 
'angle  of  weather*  produced  the  best  effect.  From  these  ex- 
periments, Mr.  Smeaton  concluded  that  the  angle  of  weather, 
with  the  plane  of  motion,  should,  at  the  extremity  of  the  sails, 
be  7  deg.,  and  at  the  middle  18  deg.,  and  at  the  centre  18  deg., 
to  produce  the  best  effect.  But  it  is  an  ascertained  fact  that  the 
angles  of  weather,  instead  of  being  a  constant  quantity,  should 
be  varied  according  to  the  velocity  with  which  the  sails  are  in- 
tended to  move  ;  when  the  extremities  of  the  sails  are  intended 
to  move  at  35  miles  per  hour,  the  angle  of  weather  should  be 
less  than  when  a  speed  of  only  20  miles  an  hour  is  contemplated. 

When  the  sails  are  planes,  and  when  the  extremities  move  at 
30  miles  per  hour,  it  has  been  ascertained  that  the  best  angle 
of  weather,  with  the  plane  of  motion,  is  16  deg.  A  plane, 
although  the  best  form  for  the  sails  of  a  ship  when  operated  on 
by  a  beam  wind,  and  when  every  part  of  the  sail  recedes  from 
the  wind  with  the  same  velocity,  does  not  apply  in  the  case  of 
revolving  sails,  where  the  velocity  varies,  according  to  the 
distance  from  the  centre  of  motion,  and  the  sails  accordingly 
should  be  considerably  twisted  to  obtain  the  same  angular 
velocity,  and  in  order  that  the  moving  wind  might  operate  with 
a  uniform  purpose  over  the  whole  surface  of  the  sails,  and  the 
cylinder  of  wind  recede  from  the  sails  with  a  uniform  flow. 
When  revolving  sails  have  the  form  of  a  plane,  the  useful  area 
is  virtually  diminished ;  and  it  is  a  fact  worth  recording,  that 
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the  8ails  of  the  windmills  employed  in  Holland  have  consider- 
ably more  twist  than  those  in  Britain. 

With  reference  to  the  number  of  sails  it  is  most  advantageous 
to  employ,  there  appears  to  be  a  diversity  of  opinion  among 
millwrights.  Four,  however,  is  the  most  common  number 
employed  in  Holland,  Germany,  and  France,  and  also  in  the 
South  of  England.  About  twenty  years  ago,  some  experiments, 
on  a  large  scale,  were  made  by  a  millwright  residing  near  Hull, 
on  a  mill  which  had  four  sails,  which  were  carried  away  during 
a  gale.  When  the  mill  was  re-erected,  five  sails  were  sub- 
stituted, the  collective  area  of  which  was  identical  with  that  of 
the  four  sails  formerly  employed.  It  was  found  that  the  five 
wings  or  sails  produced  a  better  effect  than  the  four  previously 
employed.  This  improvement  was  attributed  to  the  wind 
escaping  more  freely  from  the  sails,  which  produced  a  more 
steady  action,  and  less  reaction  or  relaxing  of  their  effect 
or  power  while  passing  the  tower.  The  next  experiment  had 
eight  radiating  or  tapering  sails,  which  promised  good  results ; 
but,  having  encountered  a  hurricane  shortly  after  its  erection, 
all  the  eight  sails  were  carried  away.  Perhaps  the  principal 
objection  to  mills  having  more  than  five  sails,  is  their  increased 
first  cost,  and  also  the  increase  of  trouble  attending  their 
management;  so  that,  all  things  considered,  five  sails  are  found 
to  be  the  most  suitable  number  in  practice ;  and  when  a  mill 
with  this  number  of  sails  is  in  a  state  of  rest,  three  of  the  sails 
are  brought  below,  and  two  upwards,  in  order  to  lessen  the  effect 
of  the  wind  upon  the  structure. 

The  conical  pendulum,  or  centrifugal  governor,  originally  de- 
vised by  Huygens  about  the  middle  of  the  seventeenth  century, 
to  regulate  the  movement  of  clocks,  was  applied  by  Hooper  in 
1789  to  control  the  motion  of  flour  mills,  impelled  by  wind. 
In  a  windmill,  when  the  velocity  is  increased  by  the  irregular 
action  of  the  wind,  the  grain  is  sometimes  forced  rapidly 
through  the  mill  without  being  sufficiently  ground,  and  by 
ineans  of  the  centrifugal  force  of  one  or  more  balls,  which  fly 
out  as  soon  as  the  velocity  is  augmented,  and  by  operating  on  a 
combination  of  levers  in  connection  with  the  bridge  of  the  stone, 
to  increase  the  power,  and  to  diminish  the  travel,  causes  the 
revolving  millstone  to  descend,  and  bring  it  in  nearer  proximity 
with  the  bedstone,  thus  increasing  the  resisting  load  on  the  mill ; 
and  this  appliance  is  in  some  parts  of  England  termed  a  « lift 
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tenter.'    In  the  early  part  of  the  present  century,  William 
Cubitt  (afterwards  Sir  William  Oubitt),  then  a  millwright, 
residing  at  Ipswich,  devised  a  mode  of  reefing  the  sails  of 
windmills,  by  introducing  movable  shutters  on  the  wings  of  the 
mill,  which  shutters  were  closed  by  a  governor,  like  that  of  the 
steam  engine,  operating  upon  a  rod  passing  through  the  centre 
of  the  main  axle.    These  shutters  were  suspended  on  pivots 
fixed  about  one-third  of  their  breadth  from  one  side;  and 
when  the  wind  was  blowing  too  strong  it  opened  the  shutters 
and  allowed  a  portion  of  the  wind  to  pass  through  them,  and  so 
also  checked  the  velocity  of  the  mill.    Perhaps  an  improvement 
upon  Mr.  Cubitus  plan  might  be  effected  by  springs  instead  of 
weights  to  close  the  shutters,  and  arranged  so  that  the  centri- 
fugal action  of  the  shutter  would  open  them.    It  is  believed 
that  a  reefing  apparatus  so  constructed  would  operate  with 
greater  uniformity,  and  be  as  sensitive  as  a  properly  balanced 
steam  engine  governor. 

The  largest  windmills  in  Britain  are  to  be  found  at  the  town 
of  Great  Yarmouth,  in  the  county  of  Norfolk.    The  wings  of 
some  of  these  mills  describe  a  circuit  of  100  ft.  diameter,  and 
with  a  moderate  breeze  drive  six  pairs  of  millstones  4  ft.  6  in. 
in  diameter,  grinding  collectively  30  bushels  of  flour  per  hour. 
The  main  shaft  is  generally  constructed  of  oak,  about  3  ft.  in 
diameter,  its  main  bearing  being  lined  with  strips  of  iron  t  J  in. 
broad,  and  j  in.  thick,  sunk  longitudinally  into  it,  and  fastened 
with  screws  and  spring  hoops,  so  as  to  form  the  main  journal  of 
the  shaft,  which  revolves  in  a  bearing  bush  or  brass.   The  *  stock 
pieces '  to  which  the  arms  are  fixed  are  mortised  through  the 
axle.    This  first  motion  shaft  carries  the  usual  face  wheel, 
which  is  made  of  cast  iron,  about  12  ft.  in  diameter  (the  rim  of 
which  forms  the  bearing  surface  for  the  brake),  and  gears  into 
a  man  pinion  or  '  wallower '  about  4  ft.  in  diameter,  fixed  on 
the  top  of  the  upright  shaft.    This  shaft  carries  at  its  lower 
end  a  spur  wheel,  about  14  ft.  in  diameter,  which  drives  the 
spindles  of  six  pairs  of  millstones  which  are  posited  around  it, 
each  pair  being  fitted  with  a  '  lift  tenter.' 

In  order  to  maintain  the  efficiency  of  windmills,  it  is  of  much 
importance  that  the  wood  and  iron  work  should  be  of  the  best 
description ;  the  main  axle  should  be  of  wrought  iron,  having  a 
cast-iron  flange  of  large  diameter  keyed  on  its  front,  and  fur- 
nished with  recesses  for  receiving  the  arms  of  the  wings.  The 
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brake  wheel  should  be  strongly  constructed,  and  covered  with 
hard  wood,  and  of  ample  breadth,  as  well  as  that  of  the  friction 
strap,  which  should  be  strongly  secured  to  the  framing  at  the 
top  of  the  tower ;  and  it  would  be  an  improvement  to  have  a 
small  force  pump  worked  from  the  top  of  the  upright  shaft  to 
discharge  water  upon  the  brake  wheel,  when  the  mill  requires 
to  be  arrested  in  a  gale  of  wind. 

The  vertical  windmill  consists  of  a  tower,  near  the  top  of 
which  is  an  axle  carrying  four  vanes  or  sails  set  in  a  plane  in- 
clined about  ten  degrees  to  the  vertical.  The  vanes  are  also 
inclined  to  the  plane  in  which  they  revolve,  their  inclination 


Fig.  17*. 


varying  from  the  axis  to  the  extremity  of  the  arms.  They  are 
made  light  and  filled  with  thin  plates  of  wood,  or  are  covered 
with  canvas.  Thus  the  wind,  blowing  perpendicularly  to  the 
plane  of  revolution  of  the  arms,  impinges  obliquely  upon  the 
broad  sails,  and  a  rotatory  movement  is  generated,  which,  trans- 
mitted by  bevel  gearing,  works  the  millstones,  stampers,  or 
other  machinery  contained  in  the  mill. 

The  mill  sails  require  to  be  placed  perpendicularly  to  the 
direction  of  the  wind ;  and  for  this  purpose,  in  the  older  mills, 
the  whole  upper  part  of  the  tower  containing  the  machinery  is 
turned  round  by  manual  labour.  In  more  modern  constructions, 
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however,  a  dome  or  cap  carrying  the  sails  is  fixed  on  the  summit 
of  the  tower,  and  is  turned  by  a  self-acting  fly  with  four  or  more 
oblique  vanes,  similar  to  a  smoke  jack,  which,  acted  upon  by 
the  changing  currents  of  wind,  gives  motion  to  the  cap  of  the 
tower,  carrying  round  with  it  the  wind  axis  and  sails,  keeping 
them  perpendicular  to  the  direction  of  the  wind.  Such  a  mill 
is  shown  in  fig.  1 74,  where  d  is  the  cap  moving  on  rollers,  « the 
shaft  carrying  the  sails  8  8,  and  the  bevel  wheel  a  a,  gearing 
into  another  bevel  wheel  6,  on  the  millstone  shaft.  The  wind, 
acting  on  the  fan  p,  communicates  motion  to  the  bevel  wheel 
and  spur  pinion  e,  which,  acting  on  a  spur  wheel  or  rack  fixed 
on  the  summit  of  the  tower,  causes  the  revolution  of  the  cap. 
The  sails  of  the  fan  are  constructed  so  that,  when  they  lie  in 
the  plane  of  the  wind,  they  are  not  affected ;  but  as  the  wind 
shifts,  it  strikes  them  obliquely,  and  causes  the  revolution  of  the 
cap  till  they  are  again  in  the  plane  of  the  wind. 

Of  experiments  upon  windmills  by  far  the  most  important 
are  those  of  Smeaton,  communicated  to  the  Royal  Society  in 
1759.  The  inclination  of  the  sail  to  the  plane  of  revolution  he 
found  should  vary  in  the  following  ratio,  where  the  radius  is 
supposed  to  be  divided  into  six  equal  parts,  and  the  angle  of  the 
sail  given  at  each  point: 

Ani.'!«  wltil  the 
plane  Of  (notion 
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This  inclination  of  the  sail  to  the  plane  of  revolution  is  known 
as  its  weather.    Sails  before  Smeaton 's  time  were     Fi^.  175. 
simple  parallelograms ;  he  found,  however,  that  ad-  f~~j 
vantage  was  gained  by  adding  a  triangular  sail  to  «\ 
the  leading  edge  of  the  radius  or  whip  a  a,  so  placed 
that  the  sail  was  broadest  at  its  periphery.  The 
extreme  breadth  of  the  sail  c  b  was  then  made  equal 
to  one-third  of  the  radius  or  whip,  and  of  this  £,  or 
-f^  of  the  radius,  was  the  breadth  of  the  ordinary  sail 
a  by  and  the  remaining  §,  or  ,\  of  the  radius,  was  the 
breadth  of  the  triangular  leading:  sail  a  c,  as  shown 
in  fig.  175.    The  ordinary  length  of  the  whip  of  the 
sail  is  30  feet. 

C        .4  ft 
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Regulation  of  the  Speed  of  Windmills. — This  is  best  effected, 
in  the  case  of  windmills  with  cloth  sails,  by  a  plan  of  Mr. 
By  water,  in  which  a  series  of  racks  and  pinions  cause  the  cloth 
to  roll  or  unroll  according  to  the  strength  of  the  wind. 

Another  plan,  suggested  by  Mr.  (now  Sir  William)  Cubitt 
at  the  beginning  of  this  century,  is  shown  at  fig.  176,  applied 

to  sails  which  have  mov- 
l  "6.  able  boards  or  thin  plates 

instead  of  sail-cloth .  a  a 
is  the  whip ;  b  the  axis 
on  which  the  sails  are 
carried,  and  which  is 
hollow  to  receive  the  rod 
c  c.  At  the  extremity 
of  this  is  a  rack  c  </, 
gearing  in  a  pinion  e, 
which  is  connected  with 
a  pulley  over  which  is 
hung  a  weight,  so  as  to 
press  the  rod  c  c  out- 
wards with  a  constant 
force.  g  g  g  are  the 
boards  which  form  the 
surface  of  the  sail,  and 
which  are  connected  to- 
gether so  as  to  open  or 
shut  like  the  bars  of  a 
Venetian  blind.  On  the 
last  board  of  each  sail  is 


7t^ 


a  toothed  segment,  in  which  works  a  rack  /  /,  connected  by 
levers  with  the  rod  c  c,  as  shown.  By  this  arrangement  the 
force  of  the  wind,  as  it  varies,  opens  or  shuts  the  boards  of  the 
sail,  so  as  to  keep  the  total  pressure  on  the  sails  equivalent  to 
the  force  exerted  by  the  balance  weight  hung  over  the  pulley  c. 
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SECTION  IV. 

ON  MACHINERY  OF  TRANSMISSION. 
CHAPTER  I. 

ON  WHEELS  AND  PULLEYS. 

The  elementary  principles  of  motion  by  rolling  contact  and  by 
wrapping  connectors  have  been  explained  in  Section  II.,  so  that 
in  the  present  Chapter  we  have  only  to  examine  in  detail  the 
methods  of  applying  these  principles  and  their  respective  ad- 
vantages, and  especially  the  mode  of  constructing  wheels  in 
gear,  so  that  the  resulting  motion  shall  most  nearly  approach 
the  condition  of  perfect  rolling  contact. 

We  saw  in  the  preliminary  Chapter  that  there  were  two 
methods  of  transmitting  power  through  trains  of  wheel-work, 
the  first  being  through  the  agency  of  wrapping  connectors,  and 
the  second  by  rolling  contact. 

Wrapping  Connectors. — Considerable  difference  of  opinion 
exists  as  to  the  best  and  most  effective  principle  of  conveying 
motion  from  the  source  of  power  to  the  machinery  of  a  mill. 
The  Americans  prefer  leather  straps,*  and  large  pulleys  or 
riggers.  In  this  country,  and  especially  in  the  manufacturing 
districts,  toothed  wheels  are  almost  universally  employed.  In 
some  parts  of  the  South,  and  in  London,  straps  are  extensively 
used ;  but  in  Lancashire  and  Yorkshire,  where  mill-work  is 
carried  out  on  a  far  larger  scale,  gearing  and  light  shafts  at 
high  velocities  have  the  preference.  Naturally,  I  am  of  opinion 
that  the  North  is  right  in  this  matter,  and  that  consistently, 
as  I  was  to  a  great  extent  the  first  to  introduce  that  new  system 
of  gearing  which  is  now  general  throughout  the  country,  and 
to  which  I  have  never  heard  any  serious  objection.  I  have  been 
convinced  by  a  long  experience  that  there  is  less  loss  of  power 
through  the  friction  of  the  journals,  in  the  case  of  geared  wheel- 

*  I  have  selected  the  word  *traj>y  instead  of  belts  or  band*,  as  a  term  more 
generally  applied  to  wrapping  connectors  in  the  northern  districts. 
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work,  than  when  straps  are  employed  for  the  transmission  of 
motive  power.  Carefully-conducted  experiments  confirm  this 
view,  and  it  is  therefore  evident  which  mode  of  transmission  is, 
as  a  general  rule,  to  be  preferred. 

There  are  certain  cases  in  which  it  is  more  convenient  to 
use  straps  than  to  employ  gearing.  With  small  engines  driving 
saw  mills,  and  other  machinery  where  the  action  is  irregular, 
the  strap  is  superior  to  wheel-work,  as  it  lessens  the  shocks 
incidental  to  this  description  of  work.  So,  also,  when  the 
motive  power  has  been  conveyed  by  wheel-work  and  shafting 
to  the  various  floors  of  a  mill,  it  is  best  distributed  to  the 
machines  by  means  of  straps. 

In  some  of  the  American  cotton  factories,  however,  there 
is  an  immense  drum  on  the  first  motion,  with  belts  or  straps 
from  two  to  three  feet  wide,  transmitting  the  power  to  various 
lines  of  shafting,  and  these  in  turn  through  other  pulleys  and 
straps  giving  motion  to  the  machinery.  From  this  description 
it  will  be  seen  that  the  whole  of  the  mill  is  driven  by  straps 
alone,  without  the  intervention  of  gearing. 

The  advantages  of  straps  are,  the  smooth  and  noiseless 
motion.  The  disadvantages  are,  increased  friction  on  the  jour- 
nals of  the  shafts,  cumbrous  appearance,  the  expense  of  their 
renewal,  and  the  necessity  for  frequent  repairs.  They  are  inap- 
plicable in  cases  where  the  motion  must  be  transmitted  in  a 
constant  ratio,  because,  as  the  straps  wear  slack,  they  tend  to 
slip  over  the  pulleys  and  thus  lose  time.  In  other  cases,  as 
has  been  observed,  this  slipping  becomes  an  advantage,  as  it 
reduces  the  shock  of  sudden  strains  and  lessens  the  danger  of 
breaking  the  machinery. 

Very  various  materials  are  employed  for  straps,  the  most 
serviceable  of  ail  being  leather  spliced  with  thongs  of  hide  or 
cement.    Gutta  percha  has  been  employed  with  the  advantage 

Fig.  177.  of  d^P6118^*?  witn  joints,  but  it  is  affected  by 
changes  of  temperature,  and  it  stretches  under 
great  strains.  Flat  straps  are  almost  universally 
employed,  in  consequence  of  the  property  they 
~  possess  of  maintaining  their  position  on  pulleys, 
the  edge  of  which  is  slightly  convex  (fig.  177). 
Round  belts  of  catgut  or  hemp  are  sometimes 
used,  running  in  grooves,  which  are  better  made  of 
a  triangular  than  a  circular  section— so  that  the  belt  touches 
the  pulley  in  two  lines  only,  tangential  to  the  sides  of  the 
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groove ;  in  this  case  the  friction  of  the  belt  is  increased  in 
proportion  to  the  decrease  of  the  angle  of  the  groove. 

The  strength  of  straps  must  be  determined  by  the  work  they 
have  to  perform.  Let  a  strap  transmit  a  force  of  n-horse 
power  at  a  velocity  of  v  feet  per  minute,  then  the  tension  on 

the  driving  side  of  the  belt  is   ~  U  lbs.  independent  of  the 

initial  tension  producing  adhesion  between  the  belt  and  pulley. 
For  example,  let  v  be  314*16  feet  per  minute,  or  the  velocity 
of  a  24-inch  pulley  at  50  revolutions  per  minute,  and  let 

33000  x  3 

3-horse  power  be  transmitted ;  then  314.16 —  =312  lbs., 

the  strain  on  the  pulley  due  to  the  force  transmitted. 

The  following  table  has  been  given  for  determining  the  least 
width  of  straps  for  transmitting  various  amounts  of  work  over 
different  pulleys.  The  velocity  of  the  belt  is  assumed  to  be 
between  25  and  30  feet  per  second,  and  the  widths  of  the  belts 
are  given  in  inches.  With  greater  velocities  the  breadth  may 
be  proportionably  decreased. 

Table  I.— Approximate  Widths  op  Leather  Straps,  in  Inches,  necessary 
to  Transmit  any  Number  ok  Horse  Power. 
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Toothed  Wheels.  -The  second  method  of  communicating 
motion  is  by  rolling  contact,  as  explained  in  the  preliminary 
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Chapter.*  But,  in  practice,  the  adhesion  between  the  surfaces 
is  seldom  sufficient  to  communicate  the  necessary  power,  and 
hence  various  contrivances — such  as  the  wheel  and  trundle,  aud 
toothed  wheels — have  been  substituted.  The  general  equations 
for  velocity,  ratio,  &c,  are  the  same  as  if  the  wheels  rolled  on 
each  other  at  the  pitch  circles,  but  in  fact  each  tooth  slides  upon 
its  fellow.  The  determination  of  the  best  forms  of  these  teeth, 
so  that  the  friction  shall  be  a  minimum  and  the  motion  uniform, 
is  one  of  the  most  important  contributions  of  applied  mathe- 
matics to  practical  engineering. 

Of  the  introduction  of  toothed  wheels  and  toothed  gearing  we 
know  very  little.  Hero  of  Alexandria,  who  wrote  two  centuries 
before  our  era,  speaks  of  toothed  wheels  and  toothed  bars  in  a 
way  which  seems  to  indicate  that  he  was  not  altogether  ignorant 
of  this  method  of  transmitting  motion.  Later  forms  are  figured 
in  great  variety  in  the  different  collections  of  mechanical  appli- 
ances of  the  sixteenth  and  seventeenth  centuries. 

Spur  gearing  is  employed  where  the  axes  on  which  the 
wheels  are  placed  are  parallel  to  one  another.    The  smaller 
Fig.  178.  wheel  in  a  combination  of  this  sort  is  termed 

the  pinion.  Annexed  (fig.  178)  is  a  pinion 
from  Ram  e  Hi  (a.d.  1588),  which,  from  its 
form,  may  be  surmised  to  be  of  metal.  The 
principle  on  which  spur  gearing  is  con- 
structed is  primarily  the  communication  or 
motion  through  the  rolling  of  two  cylinders 
on  one  another.  The  teeth  are  introduced 
to  prevent  slipping,  and  thus  to  ensure  the  regular  communi- 
cation of  the  motive  power. 

In  the  older  wooden  wheels,  the  teeth  were  usually  formed 
of  hard  wood,  and  driven  into  mortises  on  the  periphery  of  a 
wooden  wheel.  The  pinions  were  generally  replaced  by  trundles, 
in  which  cylindrical  staves,  fixed  at  equal  distances  round  the 
periphery  of  two  discs,  were  driven  by  the  teeth  of  the  wheel. 

The  mortise  wheels  are  still  retained  in  countries  where  iron 
is  expensive,  and  even  in  this  country  they  are  employed  in  a 
modified  form.  Iron  pinions,  with  wooden  cogs  fixed  in  the 
periphery,  are  used  to  receive  the  motion  from  the  fly  wheels  of 
engines,  with  a  view  to  reduce  the  noise  and  to  increase  the 
smoothness  of  the  motion ;  and  many  millwrights  prefer,  in  all 

*  See  ante,  p.  38. 
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cases  where  large  wheels  are  required  to  run  at  high  velocities, 
to  make  one  of  them  a  mortise  wheel,  with  wooden  cogs. 

There  does  not  appear  to  have  been  much  improvement  in 
the  construction  of  wood  and  iron  gear  since  it  was  first  intro- 
duced by  Mr.  Eennie ;  the  only  ex-  Fig.  179. 


ception  being  the  introduction  of  a 
machine  for  cutting  out  the  form 
of  the  teeth,*  which  in  those  days 
was  done  by  hand,  with  keys  or 
wooden  wedges  fitting  into  dove- 


tails in  the  4  shanks '  of  the  cogs,  as  shown  at  a,  fig.  1 79,  on 
the  concave  side  of  the  rim  ;  now  they  are  made  with  an  iron 
pin  driven  through  the  cog,  close  to  the  rim,  as  at  b.  The  iron 
pinion  or  wheel  intended  to  work  in  contact  with  the  wooden 

•     Fig.  180.  Section. 


teeth  was,  up  to  a  recent  date,  turned  and  carefully  divided  to 
the  epicycloidal  form,  and  then  chipped  and  filed  with  great 
exactitude,  in  order  to  fit  accurately  into  the  wooden  teeth  of 
the  driving  wheel.    In  all  the  corn  mills  of  the  present  day,  and 

*  Mr.  Smiles  states,  in  his  Lives  of  the  Engineers,  that  Brindley,  more  than 
a  century  ago,  invented  machinery  for  the  manufacture  of  tooth  and  pinion 
wheels;  'a  thing,'  as  stated  by  the  author,  'that  had  not  before  been  attempted, 
all  such  wheels  having,  until  then,  been  cut  by  band,  at  great  labour  and  cost.' 
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where  great  speed  is  required,  the  same  attention  to  accuracy 
is  observed  in  wood  and  iron  gear  as  at  former  times. 

The  greatest  advance  in  the  application  of  gearing  resulted 
from  the  introduction,  at  the  end  of  the  eighteenth  century,  of 
cast  iron  in  place  of  wood.  The  credit  of  the  introduction  of 
this  material  is  usually  given  to  Smeaton,  who  began  to  use 
cast  iron  in  the  construction  of  the  Carron  Rolling  Mill,  in  1769. 
But  the  late  Mr.  John  Rennie,  when  at  Boulton  and  Watt's,  in 
1 784,  was  probably  the  first  to  carry  the  use  of  cast  iron  into 
all  the  details  of  mill- work.  Figs.  180,  181  are  copied  from  the 
original  designs  for  the  Soho  Rolling  Mill,  dated  1785.  But 
the  Albion  Corn  Mills,  built  about  the  same  time  (1784-5),  may 
♦be  considered  as  the  earliest  instance  of  the  entire  replacing  of 
wood  by  cast  iron  for  the  bevel  and  spur  wheels  and  shafts. 
This  was  effected  by  the  same  distinguished  engineer. 

Where  the  shafts  of  the  wheel  and  pinion  are  not  parallel  to 
each  other,  various  forms  of  conical  trundles  and  bevel  wheels 
are  employed.  The  simplest  plan  is  probably  the  face  wheel 
and  trundle  shown  in  fig.  182,  which  have  been  employed  from 

Fig.  182.  Fig.  183. 


fiininnnnnir  tr.  i  n  ri  m  n  m  rrfi  * 


a  very  early  period,  and  which,  if  made  of  metal,  take  the  form 
of  the  crown  wheel  and  pinion,  fig.  183.  Where  the  axes  are 
not  at  right  angles,  conical  trundles  have  been  used,  one  of  which 
is  figured  in  Bessoni  (a.d.  1578). 

The  most  perfect  arrangement,  however,  is  that  in  which  two 
wheels  called  bevel  wheels,  are  employed,  constructed  in  the 
form  of  frustra  of  cones.  These  were  not  introduced  till  the 
middle  of  the  last  century,  the  principles  of  the  construction  of 
the  teeth  being  due  to  Camus  (a.d.  1752).  Fig.  184  shows  a 
bevel  wheel  designed  for  the  Rolling  Mill  at  Soho,  by  the  late 
Mr.  Rennie,  in  1785.* 

♦  It  is  evident  from  the  shape  of  the  eye  of  these  wheels,  figs.  180,  181.  and 
184,  that  they  were  intended  for  wooden  shafts,  and  that  cast  iron  had  not  been 
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The  smoothness  and  economy  of  wheel- work  depend  entirely 
upon  the  accuracy  of  the  curvature  of  the  individual  teeth 
which  gear  with  one  another.  Two  chief  defects  result  from 
imperfections  in  their  construction :  first,  the  motion  com- 
municated to  the  driven  wheel  is  irregular,  increasing  and 
diminishing  alternately  as  each  tooth  passes  the  line  of  centres ; 


Fig.  184. 


and,  second,  there  is  an  unnecessary  friction  between  the  teeth 
in  gear,  resulting  not  only  in  loss  of  power,  but  also  causing  a 
great  and  destructive  wear  in  the  teeth  and  journals.  These 
defects  can  only  be  avoided  by  reducing,  as  far  as  practicable, 
the  size  of  the  teeth,  and  by  the  adoption  of  true  principles  in 
setting  out  their  curvature  in  the  original  model. 

To  the  first  cause  alone  a  large  part  of  the  perfect  action  of 
modern  machinery  of  transmission  is  to  be  attributed  ;  but  there 
is,  moreover,  no  doubt  that,  in  practice,  even  where  true  principles 
have  not  been  adopted,  a  considerable  approach  has  been  made 
to  such  forms  as  theory  requires.    Now,  with  certain  limitations, 

in  use  much  before  that  time.  At  an  earlier  period,  Mr.  W.  Murdock,  of  Soho, 
had  a  cast-iron  bevel  wheel,  which  was  considered  the  first  introduced  into 
Scotland,  many  years  previous  to  the  above  date.  Mr.  Smeaton  also  had  intro- 
duced iron  wheels  at  Carron  in  1754,  and  afterwards  at  a  mill  at  Belper,  in 
Derbyshire.    (See  Smiles  s  Life  of  Rennie,  p.  138.) 
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it  is  known  that  if  any  form  of.  tooth  be  taken  for  one  wheel, 
there  can  be  found  another  tooth  which  will  work  correctly 
with  it.  But  there  are  certain  forms  which,  being  susceptible 
of  accurate  mathematical  determination,  are  most  convenient 
for  the  purpose.  Camus,  in  1 752,  was  the  first  to  work  out 
the  properties  of  epicycloidal  and  hypocycloidal  curves  when 
employed  in  the  construction  of  the  teeth  of  spur  and  bevel 
gearing.  De  la  Hire  adopted  the  same  form.  Euler,  in  1760, 
and  Kaestner,  in  1771,  investigated  in  a  similar  manner  the 
properties  of  the  involute.  Since  their  time,  Ferguson, 
Buchanan,  Hawkins,  Kennie,  and  Airy  have  all  contributed  to 
perfecting  the  mathematical  theory.  And  Professor  Willis, 
amongst  other  important  additions,  has  shown  how  a  close 
approximation  to  a  true  form  may  be  made  by  the  adoption  of 
a  system  of  circular  arcs. 

From  1788,  when  Rennie  completed  the  Albion  Mills,  to  the 
present  time,  wood  and  iron  gear  have  been  in  general  use  for 
high  velocities,  and  for  every  description  of  machinery  where 
smoothness  and  accuracy  of  motion  were  required.  Mr.  Rennie 
was  the  first  to  introduce  this  system ;  and  in  most  cases  he 
made  the  driver,  or  large  wheel,  with  wood  cogs,  and  the  driven, 
or  pinion,  of  iron  *  chipped  and  turned' — that  is,  every  tooth  of 
the  iron  wheel  was  carefully  divided  in  the  pitch,  having  first 
been  turned  on  the  face  and  the  ends  of  the  teeth,  and  drawn 
to  the  epicycloidal  form.  They  were  then  chipped  with  the 
hammer  and  chisel,  and  accurately  filed  to  the  required  dimen- 
sions and  forms.  The  same  process  was  applied  to  the  wooden 
teeth :  and  these  wheels,  when  duly  prepared,  were  keyed  on 
their  respective  shafts,  and  securely  fixed  in  contact  at  the 
milL 

The  chipping  and  filing  process  has  of  late  years  been 
superseded  by  a  cutting  machine,  which  effects  the  same  pur- 
pose, with  less  risk  of  error ;  and  the  good  old  system  of  a  penny 
an  inch,  as  practised  in  Rennie's  time,  has  been  exploded,  much 
to  the  discomfiture  of  the  old  millwrights,  who  adhere  with 
great  tenacity  to  the  hammer  and  chisel.  Fig.  185  shows  the 
cutting  machine  as  constructed  by  Messrs.  Peter  Fairbairn 
and  Co.,  of  Leeds. 

The  object  of  this  machine  is  not  only  to  pitch  and  trim  the 
teeth  of  a  large  spur  or  other  wheel,  but  to  turn  the  face  and 
sides  of  the  segments  previously,  when  bolted  to  the  arms. 
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When  used  as  a  lathe  for  turning,  the  parts  in  use  are  as 
follows :  b  is  a  large  headstock,  carrying  a  hollow  spiudle  C, 
through  which  is  inserted  a  mandril  upon  which  the  wheel  to  be 
cut  and  turned  is  keyed.    Provision  is  made  for  carrying  the 


Fig.  180. 


other  end  of  this  mandril  by  a  loose  fixing.  The  hollow  spindle 
is  driven  (with  the  wheel  upon  it)  by  a  worm  wheel  J,  which  was 
made  to  run  loose  on  a  spindle,  but  which  is  now  by  a  lock  bolt 
connected  to  the  larger  worm  wheel  or  dividing  wheel  e,  the 


/ 
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worm  of  which  is  now  thrown  out,  and  keyed  firmly  on  the 
spindle.  The  necessary  speeds  are  given  by  the  five- speed 
cone  and  mitre  gear.  The  tool  for  turning  is  held  in  an  ordi- 
nary slide  rest,  which  moves  transversely  on  a  saddle,  which 
slides  and  is  fastened  in  the  T  grooves  of  two  strong  beds  a, 
firmly  secured  to  masonry,  and  between  which  the  wheel  re- 
volves. 

When  used  for  pitching  and  trimming,  the  lock  bolt  con- 
necting the  two  worm  wheels  is  removed,  and  the  pitch  is  given 
by  the  train  of  change  wheels  and  division  plate  a.  The  place 
of  the  slide  rest  is  now  taken  by  a  headstock  carrying  two 
cutters,  one  for  roughing,  and  the  other  for  finishing. 

The  finishing  rose-cutter  is  the  counterpart  of  the  space 
between  the  teeth,  and  is  traversed  across,  making  both  sides 
of  the  tooth  alike. 

The  remainder  of  the  arrangement  will  be  obvious  from  the 
sketch.  The  same  machine  can  also  be  readily  arranged  for 
cutting  worm-wheel  teeth,  or  for  bevel  gear. 

The  best  form  which  can  be  given  to  the  teeth  of  wheels  is 
that  which  will  cause  them  to  be  always,  in  regard  to  the  power 
they  mutually  exert,  in  equally  favourable  situations,  and,  con- 
sequently, will  give  the  machine  the  property  of  being  moved 
uniformly  by  a  power  constantly  equal.  This  would  be  accom- 
plished by  a  simple  rolling  contact,  which  corresponds  with  the 
case  in  which  the  teeth  are  infinitely  small. 


1.  Spur  gearing  is  that  in  which  the  pitch  lines  of  the  driving 
and  driven  wheel  are  in  the  same  plane  (fig.  186). 


2.  Bevel  gearing  is  that  in  which  the  planes  of  the  pitch 
lines  of  the  driving  and  driven  wheel  are  inclined  to  each 


Definitions. 


Fig.  186. 


Fig.  187. 


Digitized  by  Google 


WHEELS  AND  PULLEYS. 


206 


other.  In  practice,  they  are  in  most  cases  at  right  angles 
(fig.  187). 

3.  Of  two  wheels  in  gear,  the  lesser  is  called  the  pinion. 

4.  When  two  wheels  are  in  gear,  a  straight  line  joining 
their  centres  is  called  the  line  of  centres. 

5.  If  the  line  of  centres  be  divided  into  two  parts,  propor- 
tionally to  the  number  of  teeth  in  the  wheel  and  pinion,  these 
parts  are  called  the  proportional  or  primitive  radii  of  the  wheel 
and  pinion. 

6.  The  radii  of  the  circles  which  limit  the  extremities  of  the 
teeth  are  called  the  true  radii. 

7.  If,  from  the  centres  of  the  wheel  and  pinion,  circles  be 
drawn  with  radii  equal  to  the  primitive  radii,  so  that  they  touch 
one  another  in  the  line  of  centres,  these  circles  are  called  the 
pitch  lines  of  the  wheel  and  pinion  respectively. 

8.  The  acting  surface  of  a  tooth,  projecting  beyond  the 
pitch  circle,  is  called  its  face ;  that  enclosed  within  the  pitch 
circle,  its  flank. 

9.  The  pitch  of  a  wheel  is  the  distance  measured  along  the 
pitch  circle  from  the  face  of  one  tooth  to  the  corresponding 
face  of  the  next ;  it  includes,  therefore,  the  breadth  of  a  tooth 
and  space.  For  two  wheels  to  work  in  gear,  the  pitch  must  be 
the  same  in  each. 

10.  Backs  are  toothed  bars  in  which  the  pitch  line  is  a 
straight  line. 

11.  In  annular  wheels  the  teeth  are  cut  Fi£- 188- 
on  the  internal  edge  of  an  annulus,  or  ring  ^  _ 


In  fig.  189,  bp  is  the  line  of  centres ; 
pa,  A  b,  the  primitive  radii  of  the  wheel 
and  pinion  respectively ;  akl  and  amn,  the 
pitch  lines ;  k  l  and  m  n,  the  pitch  ;  p  l,  the 
face,  and  q  l,  the  flank,  of  the  tooth. 
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Fig.  189. 


The  Pitch  of  Wheel*. 

We  have  seen  that  the  pitch  of  a  wheel  is  the  length  of  an 
arc  of  the  pitch  line  comprising  a  tooth  and  space.  Mill- 
wrights ordinarily  measure  the  pitch  as  a  chord  of  this  arc,  and, 
except  in  pinions  with  very  few  teeth,  the  two  measurements 
sensibly  coincide. 

Having  the  diameter  of  a  wheel,  and  the  number  of  teeth, 
the  pitch  may  be  found  as  follows  : 

Let  d  be  the  diameter  of  a  wheel,  n  the  number  of  teeth, 
andp  the  pitch;  then,  as  3*1416  D  =  the  circumference  of  the 
circle, 

3-1416  d 
P  =  - 


N 


or  approximately, 


22  d 
"7n 


Conversely,  if  the  pitch  of  a  wheel  be  given,  and  the  number  of 
teeth,  then  the  diameter  may  be  found, 

D  "  3TiTe  =  t£  near,y- 
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And  if  the  pitch  and  diameter  of  a  wheel  be  given,  then  the 
number  of  teeth  may  be  found, 

3-1416  d      22  d 
N  =  —j—  =  7p  nearly. 

But  since  a  wheel  must  contain  a  whole  number  of  teeth,  N  may 
never  be  a  mixed  number.  If,  therefore,  this  equation  gives  N 
with  a  fraction,  a  wheel  cannot  be  constructed  of  that  diameter 
and  pitch.  In  this  case,  however,  by  slightly  increasing  or 
decreasing  either  the  diameter  or  the  pitch,  the  necessary  con- 
ditions may  be  complied  with. 

In  practice  it  is  convenient  to  limit  the  number  of  pitches, 
with  a  view  to  the  reduction  of  the  number  of  patterns  required 
for  casting.  Thus  the  following  series  gives  all  the  most  ordi- 
nary pitches  of  my  own  practice : 

Spur  fly  wheels,  5,  4£,  4,  3J,  8J,  3,  2£,  2, 1£  inches. 
Spur  and  bevel  wheels,  5,  4£,  4,  3£,  3|,  3,  2£ ,  2£,  2±,  2J,  2,  Ij, 

1|>  H,  lib  li»  H>  1>  £  inches. 

Wheels  of  smaller  pitch  than  these  are  not  used  in  mill-work  ; 
but  in  machines,  &c,  the  following  pitches  would  probably  be 
sufficient,  viz. : 

1>  h  i>  h  !>  i  inch- 

The  value  of  ir  =  "  ordinarily  employed  is  not  very  accurate, 
hence  it  is  convenient  to  calculate  beforehand  the  values  of 


3-1416 


and 


3-1416 


for  the  most  useful  pitches. 


The  following  table  gives  these  values  : 


Pitch  in 
inches 

3H16 

Pitch 

Pitch 
31416 

Pitch  in 
inches 

3-1416 

Pitch 

Pitch 
31416 

5 

06283 

1-5915  ' 

1  -7952 

0-5570 

06981 

1  -4270 

1  -9264 

0-5141 

0-7854 

1-2732 

20944 

0-4774 

08976 

11141 

2-2848 

0-4377 

0-9666 

1-0345 

2-5132 

03978 

3 

1  0472 

0-9548 

2  7924 

0-3580 

11333 

0-8754 

31 4 16 

0  3182 

| 

1-2566 

0-7958 

3-5904 

0-2785 

1-3963 

0-7135 

t 

4-1888 

0-2386 

2 

1-5708 

06366 

50265 

01988 

1* 

1-6755 

0-5937 

I 

6-2832 

01691 
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Rule  1. — Given  the  pitch  and  number  of  teeth  in  a  wheel, 
to  find  its  diameter. 

Multiply  the  number  of  teeth  by  the  constant  in  the  third 
or  sixth  column  of  the  preceding  table  corresponding  to  the 
pitch. 

Rule  2. — Given  the  pitch  and  diameter  of  a  wheel,  to  find 
the  number  of  teeth. 

Multiply  the  diameter  by  the  constant  in  the  second  or  fifth 
column  of  the  table  corresponding  to  the  pitch. 

If  this  rule  gives  a  mixed  number,  or  whole  uumber  and 
fraction,  a  wheel  cannot  be  constructed,  as  before  said.  The 
most  convenient  way  of  proceeding  in  that  case  will  be  to  take 
the  nearest  whole  number  to  the  number  given  by  the  rule,  and, 
using  Rule  1,  find  a  new  diameter  which  will  differ  but  slightly 
from  the  one  previously  assumed.  This  new  diameter  must  be 
taken  for  the  pitch  circle  in  constructing  the  wheel. 

Thus,  suppose  it  required  to  find  the  diameter  of  a  wheel  of 

2  inches  pitch  and  150  teeth.  By  Rule  1,  we  have  d  =  150  x 
0-6366  =  95£  inches  =  7  ft.  Hi  inches. 

Or,  required  the  number  of  teeth  in  a  wheel  of  3  inches  pitch 
and  9  feet  diameter.  By  Rule  2,  n  =  108  x  1-0472  =  113*097. 
Here  the  wheel  will  contain  very  nearly  113  teeth ;  but  if  we 
wish  to  know  more  accurately  the  diameter  of  a  wheel  of 

3  inches  pitch  and  113  teeth,  we  find  by  the  first  Rule,  d  =  113 
x  0-954-8  =  107-89  inches  =  8  feet  11-ft  inches.  That  is,  a 
wheel  of  exactly  9  feet  could  not  be  constructed  with  a  3-inch 
pitch,  but  one  of  8  feet  11^  inches  might  and  would  contain 
113  teeth. 

Professor  Willis  has  employed  another  method  of  graduating 
the  sizes  of  wheels.  Suppose  the  diameter,  instead  of  the  cir- 
cumference, to  be  divided  iuto  as  many  equal  parts  as  the  wheel 
has  teeth,  and  let  one  of  these  parts  be  called  the  diametral 
pitch  of  the  wheel,  to  distinguish  it  from  the  common  or  circular 
pitch.    Let  m  be  the  diametral  pitch,  so  that 

N 

and  let  a  series  of  values  be  taken  for  m  in  simple  fractions  of 
an  inch,  so  that 

M  =  l 
m 

where  H  and  m  are  always  whole  numbers. 
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The  ordinary  values  of  m  are  20,  16,  14,  12,  10,  9, 8,  7,  6,  5, 
4,  3,  2,  1,  which  include  wheels  in  which  the  circular  or  common 
pitch  varies  from  J  inch  to  3  inches,  as  shown  in  the  following 
table,  given  by  Professor  Willis : 


Value  of 
m 

Circular  Pitch 

in  inches 
and  decimals 

Circular 
Pitch  to 
nearest  Ath 

Value  of 

Circular  Pitch 

In  incha* 
nnd  decimals 

Circular 
Pitch  to 
nearest  ^th 

3 

1047 

1 

■ 

•349 

4 

•785 

1 

10 

•314 

* 

5 

•628 

12 

•262 

* 

6 

•524 

i 

14 

•224 

7 

•44!> 

16 

196 

a 

8 

•393 

1 

20 

•157 

* 

This  system  is  convenient  where  wheels  o(  small  pitch  are 
employed,  and  involves  less  calculation  than  the  common 
system. 

Since  -  =  m,  we  have  m  =  g^jg  >  therefore,  in  the  pre- 
vious table  (p.  297)  the  quantities  in  the  third  and  sixth  columns 
are  the  diametral  pitches  corresponding  to  the  circular  pitches 
in  the  first  column,  and  the  numbers  in  the  second  column  are 
the  corresponding  values  of  m.  In  fact,  this  scheme  differs 
from  the  first  simply  by  expressing  in  small  whole  numbers  the 

quantity  *JM  instead  of  p. 

The  following  table  (pages  300  and  301)  gives  the  relation  of 
diameter,  pitch,  and  number  of  teeth,  for  wheels  of  from  J  inch 
to  5  inches  pitch,  and  of  from  12  to  200  teeth.  Intermediate 
numbers  may  be  found  by  direct  proportion,  by  multiplying  the 
number  given  for  a  wheel  of  half  or  a  third  of  the  number  of 
teeth  by  two  or  three,  or  by  adding  together  the  diameters 
given  for  two  wheels  the  sum  of  whose  teeth  is  the  number 
required.  For  an  odd  number  of  teeth,  add  the  number  given 
at  the  head  of  the  table  as  many  times  as  may  be  necessary  to 
the  diameter  for  a  wheel  of  the  nearest  number  of  teeth  given. 
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The  Principles  which  Determine  the  Proper  Form  of  the 

Teeth  of  Wheels. 

The  problem  which  presents  itself  in  the  construction  of  the 
teeth  of  wheels,  is  to  discover  the  curvature  which  they  should 
have  in  order  that  they  shall  revolve  through  the  action  of  the 
teeth  in  precisely  the  same  manner  as  they  would  by  the  rolling 
of  the  circumferences  of  their  pitch  lines. 

The  general  principle  by  which  this  uniformity  of  motion  is 
secured  is  as  follows  :  When  wheels  in  gear  act  on  each  other 
so  that  a  line  perpendicular  to  the  common  tangent  of  the  sur- 
faces of  the  teeth  at  the  point  of  contact  passes  always  through 
the  point  where  the  pitch  circles  cut  the  line  of  centres,  they 
will  exert  mutually  the  same  force,  move  with  uniform  velocity, 
and  be  of  true  figure. 

Or,  in  other  words,  the  teeth  will  be  rightly  constructed 
when  a  line  drawn  from  the  point  of  contact  of  the  pitch  circles 
to  the  point  of  contact  of  two  teeth  is  a  normal  to  the  surfaces 
in  contact  in  all  positions  of  the  wheel  and  pinion. 

Thus,  let  fig.  189  represent  a  wheel  and  pinion  in  gear,  and 
let  b  a,  a  p  be  the  primitive  radii,  and  therefore  a  k  l  and  amn 
the  pitch  lines.  Then  if  the  teeth  touch  in  c  and  d,  and  the 
lines  A  c,  a  d  be  always  perpendicular  to  the  common  tangent 
to  the  touching  parts,  the  teeth  will  oe  of  true  figure. 

Epicycloidal  Teeth. 

The  epicycloid  is  the  curve  traced  by  a  fixed  point  in  the 
circumference  of  a  circle,  which  rolls  over  or  within  the  circum- 
ference of  another  circle,  or  on  a  straight  line.  Thus,  let  the 
circle  a  b  c  (fig.  190)  be  fixed,  and  let  the  circle  o  D  roll 
over  its  circumference,  then  a  point  c  in  the  circumference  of 
this  the  generating  circle  will  describe  an  epicycloid  c,  c',  c", 
c'",  c"",  without  the  circle  a  b  c.  Similarly,  a  point  p  on  the 
circumference  of  a  generating  circle  p  o,  rolling  within  the 
circumference  of  a  b  c,  will  describe  an  interior  epicycloid  or 
hypocycloid  p,  f',  f",  f"\ 

The  remarkable  properties  of  the  epicycloid  which  determine 
its  fitness  for  describing  the  teeth  of  wheels  are :  1st,  when  the 
generating  circle  is  half  the  diameter  of  the  base  circle,  and 
rolls  within  it,  the  hypocycloid  is  a  straight  line  forming  a 
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diameter  of  the  base ;  2nd,  if  through  the  points  of  contact  of 
the  generating  circle  and  the  base,  and  the  point  describing 

Fig.  190. 

<•* 

 ::~~0-«i;.... 


0-- 


Pifr.  lot. 


the  epicycloid,  straight  lines  be  drawn,  these  straight  lines  will 
be  perpendicular  to  the  curvature  of  the  epicycloid  at  these 
points.  Thus,  for  example,  bc'" 
drawn  from  the  point  of  con- 
tact B  to  the  describing  point  c'" 
is  a  normal  to  the  curve  at  that 
point;  and  similarly  a  p'  is  a 
normal  to  the  curve  at  f'. 

Suppose  in  the  same  plane 
three  circles  exy  (fig.  191), 
which  touch  each  other  in  the 
point  a,  and  whose  centres  pbg 
are  consequently  in  a  straight 
line.  Let  one  of  these  circles  be 
made  to  revolve  round  its  cen- 
tre, and  force  the  other  two  to 
turn  round  their  centres,  which 
we  suppose  to  be  fixed,  moving 
these  circles  by  the  point  of  con- 
tinual contact  a,  common  to  the 


If 
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three  circumferences;  it  is  evident  that  all  the  parts  of  the 
circumference  of  the  circle  made  to  revolve  will  be  applied  in 
succession  to  every  part  of  the  circumferences  of  the  other  two 
circles,  in  the  same  manner  as  if  the  two  circles  b  and  x  re- 
mained immovable,  while  the  third,  y,  revolved  on  the  circum- 
ferences of  the  other  two.  Hence,  if  we  suppose  a  style  fixed 
to  the  circumference  of  the  circle  Y,  movable  round  its  centre, 
the  three  circles  having  been  obliged  to  turn  by  the  motion  of  the 
one  which  has  carried  along  the  other  two ;  when  the  style  is 
at  e,  if  each  of  the  two  arcs  a  c  and  a  h  be  made  equal  to  the 
arc  a  e,  the  style  will  have  described  on  the  movable  plane  of 
the  circle  e,  on  the  exterior  part  of  which  it  revolves,  a  portion 
c  e  of  an  epicycloid,  and  on  the  movable  plane  of  the  circle  x, 
within  which  we  may  consider  it  to  revolve,  a  portion  eh  of  a 
hypocycloid. — Camus. 

These  two  epicycloids  traced  out  at  the  same  time  by  the 
style  e  affixed  to  the  circle  y,  will  touch  each  other  in  the  point 
E ;  for  the  straight  line  a  e  drawn  through  a,  where  the  gene- 
rating circle  Y  touches  its  bases  e  and  x,  will  be  a  normal  to 
the  two  epicycloids.  The  same  will  be  true  in  every  position 
of  the  circles,  viz.  that  the  epicycloid  and  hypocycloid  will 
have  a  common  normal  passing  through  a.  Hence,  if  e  c  and 
e  h  be  the  faces  of  two  teeth  on  the  wheel  and  pinion  e  and 
x  respectively,  the  condition  of  uniform  motion  already  given 
will  be  complied  with,  the  teeth  will  be  of  true  form  ;  and  if  the 
hypocycloid  e  h  be  moved  by  the  epicycloid  e  o,  or  vice  versa, 
the  wheel  and  pinion  e  and  x  will  move  precisely  as  if  they 
rolled  together  at  their  pitch  circles. 

Wheels  usually  have  their  teeth  constructed  of  such  a  form, 
that  the  flanks  or  parts  within  the  pitch  circle  are  bounded  by 
straight  lines  radii  of  the  pitch  circles.  Bearing  in  mind  the 
property  already  stated,  that  the  hypocycloid  described  by  a 
generating  circle  of  half  the  diameter  of  the  base  is  a  straight 
line  forming  a  diameter  of  the  base,  we  may  so  arrange  our 
generating  circle  in  describing  the  teeth  of  wheels  as  to  comply 
with  the  above  rule.  By  taking  a  generating  circle  Y  of  dia- 
meter equal  to  the  radius  of  the  base  x,  the  hypocycloid  e  h 
will  be  part  of  a  radius  of  x ;  or,  in  other  words,  a  radius  b  h  of 
x  will  always  touch  the  epicycloid  c  e  described  without  the 
circle  e,  by  a  generating  circle  y,  of  a  diameter  equal  to  the 
radius  of  x.    And  the  angle  b  e  a  being  the  angle  of  a  semi- 
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circle  will  always  be  a  right  angle.  That  is,  the  perpendicular 
to  the  straight  line  b  h,  at  the  point  of  contact  with  the  epicy- 
cloid E  c,  will  always  pass  through  a. 

We  have  hitherto  supposed  the  circles  moved  by  contact  at 
the  point  a,  in  order  to  explain  the  generation  of  the  epicycloid 
c  b  and  straight  line  e  h  ;  but  if  we  suppose  these  already  de- 
scribed, the  former  being  fixed  to  the  circle  b,  and  the  latter  to 
the  circle  x ;  then  if  e  h  roll  by  contact  on  the  epicycloid  c  e  it 
will  move  the  circle  b  in  precisely  the  same  manner  as  if  the 
circle  were  moved  by  contact  at  a. 


Since  every  tooth  in  a  wheel  is  of  precisely  the  same  form, 
it  is  sufficient  to  construct  a  single  pattern  tooth  of  true  epicy- 


Construction  of  Epicycloidal  Teeth, 


Fig.  102. 


\ 


\ 


■%  • 


<■  Initial  curvature,  which  may  be  used  in  setting  out  all  the 
other  teeth. 

First  method,  when  the  generating  circle  is  the  same  for 

x 


Digitized  by  Google 


ON  MACHINERY  OF  TRANSMISSION. 


wheel  and  pinion,  the  face  of  the  tooth  an  epicycloid,  and  the 
flank  a  hypocycloid. 

Construct  two  templets  a  and  b  (figs.  192, 198)  having  their 
faces  arcs  of  the  pitch  circle  of  the  wheel  for  which  the  tooth 
is  required,  and  a  third  templet  o  cut  to  an  arc  of  the  intended 
generating  circle  of  the  epicycloid.  Fix  a  steel  tracing  point  p  in 
the  edge  of  the  templet  c,  and  for  convenience  a  board  p,  on  which 
to  draw  the  tooth,  may  be  fixed  beneath  the  templet  b.  Mark 
off  on  the  board  p  (fig.  192)  the  pitch  circle  of  the  wheel  d  e, 
and  take  distances  a  b,  b  c  equal  to  the  pitch  of  the  teeth,  and 
distances  a  a',  b  b'  equal  to  the  thickness  of  the  teeth.    If,  then, 

Fig.  193. 
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the  templet  o  be  placed  touching  b,  and  with  the  tracing  point  p 
coinciding  with  one  of  the  marks  as  a,  and  be  rolled  towards  B, 
the  point  will  trace  out  an  epicycloid  a  p  on  the  board  p,  which 
will  form  one  face  of  the  tooth.  Next  let  the  point  p  be  made 
to  coincide  with  a',  and  the  templet  o  be  rolled  towards  d,  the 
other  face  of  the  tooth  will  be  described. 

To  draw  the  flanks,  the  templet  A  must  now  be  fixed  on  the 
board  p,  with  its  face  in  contact  with  b  ;  remove  b  and  describe 
hypocycloids  (fig.  193)  from  a  and  a',  by  rolling  o  on  the  inside 
of  the  pitch  circle. 

The  length  of  the  teeth  is  usually  fixed  as  a  proportional 
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part  of  the  pitch ;  but  the  least  necessary  length  may  be  found 
experimentally  by  replacing  the  templet  b  on  the  board  p,  and 
making  p  coincide  with  a,  roll  o  towards  E  till  it  touches  b  in 
6,  the  corresponding  face  of  the  next  tooth ;  mark  then  the 
position  of  the  tracing  point,  and  through  this  point  draw  an 
arc  from  the  centre  g  of  the  wheel.  This  arc  will  mark  the  ex- 
tremity of  the  tooth,  and  the  arc  g  p  will  be  the  true  radius  of 
the  wheel. 

This  process,  which,  though  complicated  in  description,  is 
very  easy  in  practice,  must  be  repeated  with  two  templets  cut 
to  the  pitch  circle  of  the  pinion,  the  same  generating  circle  o 
being  employed  ;  a  similar  pattern  tooth  will  thus  be  found  for 
the  pinion,  which  will  work  with  that  already  found  for  the 
wheel.  The  usual  custom  in  practice  is  for  the  millwright 
first  to  describe  the  epicycloidal  and  hypocycloidal  forms  of  the 
teeth  required  in  the  wheel  and  pinion  ;  he  then  constructs  two 
model  teeth,  one  for  the  wheel  and  the  other  for  the  pinion, 
and  from  these  he  determines  the  true  curves,  and  by  means  of 
his  compasses  transfers  the  same  to  the  wheels  or  patterns  on 
which  these  forms  are  to  be  impressed.  The  generating  circle, 
it  may  be  observed,  must  not  exceed  in  size  the  radius  of  the 
pinion,  or  it  would  give  rise  to  a  weak  form  of  tooth,  thinner  at 
the  root  than  at  the  pitch  circle. 

Second  method,  where  two  generating  circles  are  employed, 
in  order  that  the  flanks  of  the  teeth  may  be  straight  lines  radii 
of  the  wheel  and  pinion  respectively. 

It  is  the  usual  practice  of  millwrights  to  make  the  parts  of 
the  teeth  of  wheels  within  the  pitch  circles  radii  of  the  wheel. 
Now,  we  have  seen  that  a  hypocycloid  described  by  a  generating 
circle  equal  in  diameter  to  the  radius  of  the  wheel  would  be  a 
diameter  of  the  wheel.  If,  therefore,  the  flank  of  the  tooth  of 
the  wheel  and  the  face  of  the  tooth  of  the  pinion  be  described 
by  a  templet  cut  to  a  radius  equal  to  half  that  of  the  wheel,  and 
the  flank  of  the  tooth  of  the  pinion  and  face  of  that  of  the 
wheel  be  described  by  a  templet  cut  to  a  radius  equal  to  half 
that  of  the  pinion,  then  these  teeth  will  work  together  truly 
and  will  have  radial  flanks. 

Since  it  is  unnecessary  to  describe  the  flanks  of  such  teeth 
by  templets,  there  will  be  needed  only  one  templet  cut  to  the 
pitch  circle  of  each  wheel,  but  templets  of  two  generating  circles 
are  required.    In  other  respects  the  method  is  identical  with 

x  2 
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that  already  described.  The  great  defect  of  this  method  is,  that 
neither  the  wheel  nor  pinion  will  work  accurately  with  a  wheel 
or  pinion  of  any  other  diameter  than  that  for  which  they  were 
originally  made,  and  thus  a  vast  number  of  wheel  patterns  must 
be  made  to  fulfil  the  requirements  of  practice ;  whereas  wheels 
described  by  the  previous  method  will  work  equally  well  with 
all  other  wheels  the  teeth  of  which  have  been  described  by  the 
same  generating  circle — it  being  understood  that  only  the  parts 
of  teeth  without  the  pitch  circle  of  the  wheel  roll  on  the  parts 
within  the  pitch  circle  of  the  pinion,  and  those  without  the 
pitch  circle  of  the  pinion  on  those  within  the  pitch  circle  of  the 
wheel. 

Hence  Professor  Willis  has  been  led  to  suggest  that  for  a 
given  set  of  wheels  a  constant  generating  circle  should  be  taken 
to  describe  both  the  parts  without  and  within  the  pitch  circles 
of  the  whole  series,  instead  of  making  that  circle  depend  on  the 
diameters  of  the  wheels.  In  this  case  the  first  solution  must 
be  employed,  and  the  flanks  of  the  teeth  will  not  be  straight ; 
but  the  great  advantage  is  gained,  that  any  pair  of  wheels  in  the 
series  will  work  together  equally  well. 

To  determine  the  proper  size  of  the  generating  circle,  we 
must  remember  that  a  tooth  of  weak  form  is  produced  when  the 
generating  circle  is  greater  than  half  the  diameter  of  the  wheeL 
Hence  the  generating  circle  may  be  best  made  of  a  diameter 
equal  to  the  radius  of  the  smallest  pinion  of  the  series  which 
are  to  work  together. 

The  Rack  is  the  extreme  case  of  a  wheel,  or  may  be  con- 
sidered as  a  wheel  of  infinite  radius.  It  may  be  described  by 
either  of  the  methods  above ;  only  noting  that,  if  the  second 
method  be  employed,  the  generating  circle  which  traces  the  face 
of  the  teeth  of  the  wheel  becomes  a  straight  line,  and  the 
epicycloid  becomes  an  involute. 

If  the  teeth  of  a  series  of  wheels  and  of  a  rack  be  described 
by  the  same  generating  circle,  any  of  the  wheels  will  work  with 
equal  accuracy  into  the  rack. 

Involute  Teeth. 

The  Involute,  the  curve  traced  by  a  flexible  line  unwinding 
from  the  circumference  of  a  circle,  is  called  an  involute. 

Let  p  and  w  (fig.  194)  be  the  pitch  lines  of  a  wheel  and 
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Fig.  11)4. 


pinion,  and  let  a  and  b  be  their  centres.  From  a  and  b  describe 
two  circles  d  c,  with  radii  a  b  and  b  b  of  the  wheel  and  pinion 
respectively  ;  so  that 

ac:bc::ad:bc 

Let  m  n  and  o  p  be  two  involute  curves  described  by  flexible 
lines  unrolling  from  the  circles  d  and  c  respectively,  and  touch- 
ing at  b.  Then  if  b  c,  b  D  be 
drawn  tangents  to  the  circles  at 
the  points  d  and  c,  they  are  also 
in  one  straight  line,  because 
they  are  both  normals  to  the 
curves  at  b.  It  may  also  be 
shown,  that  the  line  c  d  inter- 
sects a  b  in  c  where  the  pitch 
lines  touch.  Hence  we  have 
found  two  curves  such,  that  the 
line  perpendicular  to  their  com- 
mon tangent  passes  in  all  posi- 
tions of  the  wheel  and  pinion 
through  c,  which  is  the  suffi- 
cient condition  of  their  uniform 
motion,  if  moved  by  the  slid- 
ing of  the  curves  instead  of  by 
contact  at  c.  Hence,  if  the 
wheels  be  constructed  with  teeth 
formed  to  these  involute  curves, 
they  will  work  with  perfect  regu- 
larity of  motion. 

In  practice,  the  chief  condition  to  be  observed  is  to  diminish 
the  pressure  on  the  axes,  which  is  the  chief  defect  of  this  form 
of  teeth.  The  common  tangent  should  be  drawn  through  c, 
making  an  angle  with  a  b,  not  deviating  more  than  20°  from  a 
right  angle.  Involute  wheels  have  the  double  advantage  that 
they  work  equally  well  if,  through  the  wear  of  the  brasses,  the 
wheels  have  receded  from  one  another ;  and  any  involute  wheels 
of  the  same  pitch  and  similarly  described — that  is,  having  the 
common  tangent  to  the  base  circles  passing  through  the  point 
of  contact  of  the  pitch  lines ;  or,  in  other  words,  base  circles 
proportional  to  the  primitive  radii — will  work  together. 

Mr.  Hawkins,  the  translator  of  '  Camus '  first  proposed  a 
simple  instrument  for  describing  the  teeth  of  wheels  to  an  invo- 
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lute  curve.  It  consists  of  a  straight  piece  of  watch-spring  a  b 
(fig.  195),  with  a  screw  at  one  end,  and  filed  away  at  the  edges  go 
as  to  leave  two  teeth  or  tracers,  c  c,  projecting  from  the  edges 
of  the  watch-spring.  At  b  a  bit  of  wire  is  put  through  and 
riveted,  so  as  to  form  a  knot  by  which  the  spring  can  be  firmly 
held  and  stretched,  as  it  is  unwound  from  the  base  on  which 
the  involute  is  generated.  This  watch-spring  is  screwed  to 
the  edge  of  a  templet  a,  curbed  to  the  radius  of  the  base  circle 
of  the  involute :  and  this  being  placed  so  that  its  centre  co- 
incides with  the  centre  of  the  wheel,  and  revolved  to  bring 
one  of  the  tracing  points  c  in  succession  to  each  of  the  points 
at  which  corresponding  faces  of  the  teeth  cut  the  pitch  line, 
a  series  of  involute  curves  may  be  described  by  unfolding  the 
watch-spring,  whilst  keeping  it  firmly  stretched  tangentially 
to  the  sector  to  which  it  is  fixed.    The  sector  a  must  then  be 

Kig.  195. 


turned  over,  and  the  involutes  of  the  opposite  faces  of  the  teeth 
struck  in  a  similar  manner. 

Another  plan  is  to  employ  a  straight  ruler  instead  of  the 
watch-spring,  a  tracer  being  fixed  in  its  edge.  This  shows  that 
the  involute  is  an  epicycloid  generated  by  a  straight  line.  The 
ruler  must  be  kept  in  contact  with  the  base  circle,  and  the 
tracer  brought  in  succession  to  all  the  points  in  which  the  faces 
of  the  teeth  cut  the  pitch  line. 

Hence,  to  describe  a  wheel  with  involute  teeth,  the  line  of 
centres  must  be  drawn  and  divided  proportionally  to  the  number 
of  teeth  in  the  wheel  and  pinion.  Draw  the  pitch  line ;  divide 
the  pitch  line  into  the  same  number  of  equal  parts  as  there  are 
teeth  in  the  wheel,  and  at  these  points  mark  out  the  thicknesses 


e 


c 
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of  the  teeth  all  round.  Draw  the  tangent  to  the  base  circles, 
making  an  angle  of  about  80°  with  the  line  of  centres,  which 
will  give  the  radius  of  the  base  circle  drawn  touching  it.  A 
templet  must  be  made  to  this  radius,  and  then  the  involutes 
may  be  drawn  by  either  of  the  preceding  methods. 

Allowance  must  be  made  to  permit  free  play  of  the  teeth 
in  the  spaces,  the  teeth  being  somewhat  shorter  than  the  dis- 
tance between  the  bases  of  the  involutes.  But  wheels  of  this 
figure  require  but  little  play  in  the  engagement. 

In  the  case  of  racks,  the  rack  teeth  are  bounded  by  straight 
lines  perpendicular  to  the  tangent  drawn  from  the  point  where 
the  pitch  lines  touch,  to  the  base  circle  from  which  the  involutes 
of  the  wheel  are  struck.  If  the  teeth  of  the  rack  be  made  rect- 
angular— that  is,  bounded  by  lines  perpendicular  to  the  pitch 
line — the  involute  must  be  struck  from  a  base  circle  equal  to 
the  pitch  circle  of  the  wheel.  In  the  former  case  there  is  a 
downward  pressure  on  the  rack ;  in  the  latter,  the  teeth  of  the 
wheel  touch  those  of  the  rack  in  a  single  point — namely,  the 
pitch  line  of  the  latter. 

Professor  Willis's  Method  of  Striking  the  Teeth  of  Wheels. 

In  practice,  the  custom  of  describing  the  teeth  of  wheels  as 
arcs  of  circles,  has,  from  its  simplicity,  been  generally  adopted. 
The  methods  already  given,  however  simple,  when  adopted  in 
the  formation  of  a  single  tooth,  become  tedious  in  their  appli- 
cations to  wheels  of  large  size ;  and  to  this  must  be  added  the 
imperfect  comprehension  of  their  advantages  by  the  millwrights 
charged  with  the  task  of  designing  wheel  patterns. 

Circular  arcs  struck  at  random,  according  to  the  judgment 
of  the  millwright,  are  often  employed ;  and  even  where  better 
principles  have  been  introduced,  it  is  common,  after  describing 
a  single  tooth  accurately,  to  find  by  trial  a  circular  arc  nearly 
corresponding  with  its  curve,  and  to  employ  this  in  marking  out 
the  cogs  of  the  required  wheel. 

Seeing  the  advantages  of  the  circular  arc,  and  believing  that 
it  is  not  objectionable  if  only  the  employment  of  it  is  guided  by 
true  principles,  Professor  Willis  has  rendered  this  great  service 
to  practical  mechanics— he  has  shown  how,  by  a  simple  construc- 
tion, the  arcs  of  circles  may  be  found,  which,  used  in  the  con- 
struction of  the  teeth  of  wheels,  will  work  truly  on  each  other. 
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Let  a  b  (fig.  196)  be  the  centres  of  a  wheel  and  pinion,  and 
c  the  point  of  contact  of  the  pitch  circles  on  the  line  of  centres. 
Through  c  draw  c  c  c'  at  any  angle  with  a  b.  Assume  c  as  the 
centre  from  which  to  describe  an  arc  for  a  tooth  of  the  wheel  a. 
Draw  c  d  perpendicular  to  ccc',  and  from  a  through  c  draw 
A  c  d,  meeting  c  d  in  d.  Lastly,  from  d  through  b  draw  d  b  c', 
meeting  c  c  c'  in  c'.  Then  a  small  arc  drawn  from  c  with  radius 
c  c  as  a  tooth  for  the  wheel  a  will  work  correctly  with  a  small 
arc  drawn  from  c',  with  a  radius  c  c  as  a  tooth  for  the  wheel  b.# 

Professor  Willis  recommends  75°  30'  as  the  best  magnitude 
of  the  angle  a  c  c,  so  that  cos.  75°  30'  =  J.  If  this  angle  be 
constant  in  a  set  of  wheels,  any  two  will  work  truly  together. 

For  the  easier  description  of  these  teeth,  Professor  Willis 

Fig.  196. 


has  invented  the  Odontograph,  a  simple  instrument  of  graduated 
card  or  wood,  by  which  the  position  of  the  centres  and  radii  of 
the  arcs  of  the  teeth  can  very  easily  be  found.  This  instrument  f 
is  of  the  form  shown  in  fig.  197,  of  half  its  proper  lineal  dimen- 
sions. It  has  the  bottom  edge  bevelled  off  at  an  angle  of  75°. 
The  point  where  this  would  cut  the  right-hand  edge  is  the  zero 
of  the  scales.  These  scales  are  graduated  to  twentieths  of  an 
inch,  to  avoid  fractional  parts  in  the  tables,  and  depart  in  each 
direction  from  the  zero,  the  upper  being  that  employed  in  find- 
ing the  centres  of  the  flanks  of  the  teeth  or  parts  within  the 
pitch  circle,  and  the  lower  for  finding  the  centres  of  the  faces 
of  the  teeth  or  parts  without  the  pitch  circle.  Tables  are  given 
on  the  odontograph  for  finding  the  graduation  on  the  scale  cor- 

»  Willis's  Principles  of  Mechanism,  p.  123. 

t  Professor  Willis's  Odontograph  may  be  obtained  of  Messrs.  Holtaapfel  of 
London. 
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Fig.  197. 


Tables  showing  the  place  of  the  Centres 

upon  tl 

le  act 

lies 

Centres  for  the  Flanks  of  Teeth 

Number 

Pitch  in  inches 

of 

Teeth 

r  ■ 
1 

H 

1* 

if 

a 

H 

2* 

 . 

3 

13 

129 

160 

193 

225 

257 

289 

321 

386 

14 

69 

87 

1U4 

121 

139 

156 

173 

208 

15 

49 

62 

74 

86 

99 

111 

123 

148 

16 

40 

50 

69 

69 

79 

89 

99 

191 

17 

34 

42 

50 

59 

67 

76 

84 

101 

18 

30 

37 

45 

62 

59 

67 

74 

89 

20 

25 

31 

37 

43 

49 

66 

62 

74 

22 

22 

27 

33 

39 

43 

49 

64 

65 

24 

20 

25 

30 

35 

40 

45 

49 

59 

26 

18 

23 

27 

32 

37 

41 

46 

65  ; 

30 

17 

21 

25 

29 

33 

37 

41 

49 

40 

15 

18 

21 

25 

28 

32 

35 

42 

60 

13 

15 

19 

22 

26 

28 

31 

37 

80 

12 

•  •  • 

17 

20 

23 

26 

29 

35 

100 

11 

14 

22 

26 

28 

34 

150 

•  •  • 

13 

16 

19 

21 

24 

27 

32 

Rack 

10 

12 

15 

17 

20 

22 

26 

30 

Centres  for  the  Faces  of  Teeth 

12 

6 

6 

7 

9 

10 

11 

12 

15 

15 

•  •  • 

M 

1 

8 

10 

11 

12 

14 

17 

20 

6 

8 

9 

11 

12 

14 

15 

18 

30 

7 

9 

10 

12 

14 

16 

18 

21 

40 

8 

11 

13 

15 

17 

19 

23 

60 

•  •  • 

10 

12 

14 

16 

18 

20 

25 

80 

9 

11 

13 

15 

17 

19 

21 

26 

100 

l  •  • 

•  •  > 

18 

20 

22 

•  •  • 

150 

•  •  • 

•  •  • 

14 

i; 

19 

21 

23 

27 

Rack 

10 

12 

15 

1  17 

20 

22 

25 

30 

I 


1 
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The  figure  is  of  half  the  linear  dimensions  of  the 
original 
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responding  to  any  given  pitch  and  number  of  teeth.  For  inter- 
mediate pitches,  not  given  in  the  table,  or  for  wheels  of  greater 
size,  the  corresponding  numbers  can  be  found  by  simple  propor- 
tion. For  wheels  of  only  twelve  teeth  the  flanks  are  straight, 
and  form  parts  of  radii  of  the  pitch  circle. 

In  fig.  198,  let  a  be  the  centre  of  a  wheel,  k  d  l  the  pitch 
line.  Set  off  k  l  equal  to  the  pitch,  and  bisect  it  in  d.  Draw 
radii  a  k,  a  l.  Place  the  odontograph  with  its  bevelled  edge  on 
the  radius  a  k,  and  zero  of  the  scale  on  the  pitch  line.  Then 

Fig.  198. 


look  out  in  the  table  of  centres  for  the  flanks  of  teeth,  the 
number  corresponding  to  the  pitch,  and  required  number  of 
teeth,  and  mark  off  this  point  h  from  the  scale  of  centres  for  the 
flanks  of  teeth.  Then  remove  the  odontograph,  and  similarly 
place  it  on  the  radius  A  L.  Find  in  the  table  of  centres  for  the 
faces  of  the  teeth  the  number  corresponding  to  the  pitch  and 
number  of  teeth  in  the  wheel,  and  mark  it  off  at  /,  on  the 
scale  for  centres  of  the  faces  of  teeth.  Then  describe  two  arcs 
from  h  and  /,  with  h  d  and/d  as  radii ;  these  will  form  the  side 
of  a  tooth.  Then,  from  d  let  the  pitch  line  be  marked  off  into 
as  many  equal  spaces  as  there  are  teeth  in  the  wheel,  and  these 
be  divided  proportionally  to  the  widths  of  the  teeth  and  spaces. 
Through  h  and  /,  with  radii  A  h  and  a  /,  draw  circles.  Take  h  d 
as  a  radius,  and,  placing  one  foot  of  the  compass  on  the  divisions 
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of  the  pitch  line,  and  the  other  in  the  circle  drawn  through  h, 
describe  a  series  of  arcs  forming  the  flanks  of  the  teeth.  Simi- 
larly with  radius  /  d,  and  one  leg  of  the  compass  on  the  circle 
drawn  through /,  describe  the  faces  of  the  teeth. 

For  an  annular  wheel  the  same  rules  apply,  only  that  the 
part  of  the  curve  which  is  face  in  a  spur  wheel  becomes  the 
flank  in  an  annular  wheel,  and  vice  versa.  For  a  rack,  the  pitch 
line  is  straight,  and  ak,al  are  parallel  and  perpendicular  to  it, 
at  a  distance  equal  to  the  pitch. 

As  these  odontography  may  be  purchased  in  a  very  convenient 
form,  with  tables  for  their  use,  and  also  with  tables  of  the 
widths  of  teeth,  and  spaces  and  length  of  teeth  within  and 
without  the  pitch  circle,  it  is  not  necessary  to  describe  them  in 
further  detail  here. 

General  Form  and  Proportions  of  Teeth  of  Wheels. 

On  Plate  IX.  have  been  drawn  a  series  of  wheels  and  racks  to 
illustrate  the  general  form  of  the  teeth  of  wheels.  The  pitch  in 
figs.  1,  2,  3,  and  4  is  one  inch,  and  that  in  fig.  5  is  2 J  inches. 

In  figs.  1,  2,  3,  and  4,  the  wheel  is  19*1  inches  diameter;  in 
fig.  5  it  is  13  feet  diameter. 

Fig.  1  represents  the  form  of  the  teeth  on  Professor  Willis's 
system,  the  curves  being  arcs  of  circles.  Fig.  2  gives  the  form 
of  epicycloidal  teeth,  struck  by  a  single  generating  circle  rolled 
without  the  pitch  circle  for  the  faces,  and  within  it  for  the  flanks. 
This  is  the  best  system,  as  any  pair  of  wheels  so  struck,  with  the 
same  generating  circle  and  of  equal  pitch,  will  work  together. 
Fig.  3  shows  the  common  form  of  epicycloidal  teeth,  the  flanks 
being  straight.  In  this  case  the  faces  of  the  rack  are  struck  by  a 
generating  circle  half  the  diameter  of  the  wheel,  and  the  faces 
of  the  wheel,  being  obtained  by  a  generating  circle  of  infinite  dia- 
meter or  straight  line,  become  involutes.  Fig.  4  gives  the  form  of 
teeth  described  as  involutes,  the  curve  being  continuous,  and,  in 
the  case  of  the  rack,  a  straight  line  perpendicular  to  the  tangent 
to  the  base  circle.  In  these  teeth  it  is  possible  to  work  with  very 
little  play.  They  are  a  good  form  for  wheel  and  rack  working 
together,  the  pressure  on  the  journals  being  in  this  case  less 
objectionable.  Fig.  5  shows  the  teeth  of  a  large  wheel,  traced 
from  one  of  my  own  patterns,  to  exhibit  the  form  and  propor- 
tion which  practice  has  shown  to  be  desirable. 
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In  these  teeth  the  pitch  c  d  being  2  J  inches,  the  depth  of  the 
tooth  or  distance  a  b  is  y  ths  or  fths  of  the  pitch.  The  pro- 
portions of  the  parts  may  be  given  as  follows : 


Proportional 

Inches 

part 

Pitch 

cd 

1-00 

n 

Depth 

a  b 

075 

H 

Working  depth 

a  e 

0-70 

Clearance 

e  b 

00.1 

ft 

Thickness 

cf 

0-45 

Width  of  space  « 

fd 

0-55 

Play,  or/d,  cf  • 

010 

i 

Length  beyond  pitch  line 

ag 

Q-35 

* 

Taking  these  proportions,  we  may  construct  a  scale  which 
shall  give  directly  the  corresponding  numbers  for  any  pitch. 
Taking  a  vertical  line,  and  dividing  it  into  eighths  of  an  inch, 
we  get  the  scale  of  pitches  (Plate  X.)  Draw  lines  perpendicular 
to  this,  and  on  any  one  of  them  mark  off  a  series  of  distances 
equal  to  the  clearance,  depth,  thickness,  &c.,  of  the  teeth  cor- 
responding to  that  pitch.  Through  o  and  these  points  draw 
the  lines  shown  in  the  figure  ;  they  will  divide  the  lines  corre- 
sponding to  all  other  pitches  in  the  same  proportion. 

It  is  usual  to  allow  a  greater  amount  of  clearance  in  small 
wheels  than  is  necessary  in  large  ones.  Very  varying  propor- 
tions have  been  given  by  different  millwrights,  y^th,  -^th, 
J^tli,  and  ^th  of  the  pitch  having  been  used  in  different  cir- 
cumstances, even  with  the  best  mill- work.  In  the  scale  (Plate  X.) 
this  has  to  a  certain  extent  been  taken  into  account ;  T^th  of 
the  pitch  is  allowed  in  smaller  wheels,  decreasing  to  ^th  in  the 
largest ;  hence  the  lines  are  not  absolutely  straight,  but  are 
slightly  curved,  except  that  for  the  whole  depth  of  the  tooth, 
which  quantity  has  been  assumed  to  vary  directly  as  the  pitch. 

Assuming  that  this  scale  represents  with  sufficient  accuracy 
the  proportions  which  practice  shows  to  be  best  in  average  cases, 
we  may  construct  a  table  for  the  guidance  of  the  millwright. 
From  this  he  must  vary  in  cases  where  it  appears  necessary  to 
allow  more  for  defects  of  workmanship,  or  to  permit  less  1  back- 
lash •  it  being  understood  that  the  table  will  only  apply  in 
cases  where  the  teeth  are  formed  with  an  approximation  to  the 
true  mathematical  figure. 

In  wood  and  iron  gear  where  the  teeth  are  carefully  cut,  very 

*  A  technical  expression  for  reaction  on  the  back  of  the  teeth. 
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little  if  any  clearance  is  necessary,  as  they  work  much  better 
when  the  teeth  of  each  wheel  fill  their  allotted  spaces.    It  is 


Table  of  Proportions  of  Teeth  of  Wheels  for  Average  Practice. 


Pitch 

l.  iramntc 
ftiul 
play 

piuh  line 

within 
pitch  line 

Working 
depth 

Whole 
depth 

1  UK  nilf^o 

of 
tootli 

Width  of 
space 

- 

•06 

•16 

•22 

•32 

•38 

•22 

•28 

1 

•08 

•25 

•33 

•50 

•58 

•33 

•42 

1 

•10 

•335 

•435 

•67 

•77 

•45 

•55 

4 

12 

12 

•54 

•84 

•96 

■56 

•69 

4 

13 

•51 

•64 

102 

115 

•68 

•82 

i} 

14 

•60 

•74 

1-20 

1-34 

•80 

•95 

a 
9 

•  1  A 
10 

1  «<17 
1  oi 

,Q«) 

I  08 

17 

•775 

•945 

1-55 

1-72 

104 

1-21 

3 

19 

•86 

105 

1-72 

1-91 

115 

1-35 

H 

•20 

•95 

115 

1  -90 

210 

1-27 

1-47 

3 

•22 

1  04 

1-26 

208 

2  30 

1-39 

1-61 

•23 

113 

1-36 

2-26 

2-49 

1-51 

1-74 

•25 

1-215 

1-465 

2- 13 

2  68 

1-62 

1-88 

P 

•26 

1-305 

1-565 

2-61 

2-87 

1-74 

201 

4 

•28 

1  39 

1-67 

2-78 

3  06 

1-86 

2- 14 

H 

31 

1  565 

1-875 

313 

3-44 

209 

240 

5 

•31 

1-745 

2085 

3-49 

3  83 

2-33 

267 

? 

•37 

1-925 

2-295 

3-85 

4-21 

2-56 

2-93 

1 

•40 

< 

210 

2-50 

4-20 

4  60 

2-80 

3-20 

however,  different  where  wheels  have  to  gear  together  direct 
from  the  foundry,  where  the  teeth  are  not  unfrequently  deranged 
in  the  act  of  moulding  in  the  sand. 

This  table  gives  the  number  to  the  nearest  hundredth  of  an 
inch.  It  may  be  converted  into  the  ordinary  scale  of  eighths  by 
the  following  table : 


Thirty  s*c« 

ndi  of 

m  Inch. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Corresponding 
Decimal 

031 

062 

•094 

125 

156 

•188 

•219 

•250 

•281 

•3125 

i 

As,  unfortunately,  decimal  scales  are  not  yet  much  used  by 
millwrights,  the  following  table  has  been  prepared,  giving  the 
numbers  in  the  preceding  table  in  thirty  seconds  of  an  inch, 
such  changes  being  made  as  will  reduce  as  much  as  possible  the 
errors  of  employing  this  rough  standard.  The  former  table  is 
to  be  preferred  where  it  can  be  used,  but  in  other  cases  the 
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following  one  may  be  relied  on.  The  left-hand  figures  in  each 
column  are  inches,  the  right-hand  ones  thirty  seconds  of  an  inch, 
the  denominators  of  the  fraction  being  omitted. 


Table  giving  the  Proportions  op  the  Teeth  op  Wheels  in  Inches  and 

Thirty  Seconds  of  an  Inch. 


Pitch, 
inches 

Clearance 

Depth 
beyond  the 
pitch  line 

Depth 
within  the 
pitch  line 

Working 
depth 

Whole  depth 

Thickness 
of  tooth 

| 

0" 

2 

0" 

5 

0" 

7 

0"  10 

0"  12 

0"  7 

0 

8 

0 

8 

0 

11 

0 

16 

0 

19 

0  10 

1 

0 

3 

0 

11 

0 

14 

0 

22 

0 

25 

0  14 

u 

0 

4 

0 

13 

0 

17 

0 

26 

0 

30 

0  18 

li 

0 

4 

0 

16 

0 

20 

1 

0 

1 

4 

0  21 

1} 

0 

4 

0 

li) 

0 

23 

1 

6 

1 

10 

0  25 

2 

0 

5 

0 

22 

0 

27 

1 

12 

1 

17 

0  29 

0 

5 

0 

25 

0 

30 

1 

18 

1 

23 

1  1 

i 

0 

5 

0 

28 

0 

33 

1 

24 

1 

29 

1  5 

0 

6 

0 

31 

0 

37 

1 

30 

2 

4 

1  8 

8 

0 

7 

1 

1 

1 

8 

2 

2 

2 

9 

1  12 

3; 

0 

7 

1 

4 

1 

11 

2 

8 

2 

15 

1  16 

3 

0 

8 

1 

7 

1 

15 

2 

14 

2 

22 

1  20 

8|  1 

0 

8 

1 

10 

1 

18 

2 

20 

2 

28 

1  23 

4 

0 

9 

1 

12 

1 

21 

2 

24 

3 

1 

1  27 

H 

0 

10 

1 

18 

1 

28 

3 

4 

3 

14 

2  3 

5 

0 

11 

1 

24 

1 

35 

3 

16 

3 

27 

2  10 

? 

0 

11 

1 

30 

1 

41 

3 

28 

4 

7 

2  18 

0 

12 

2 

4 

2 

16 

4 

8 

4 

20 

2  25 

Bevel  Wheels. 

Hitherto  we  have  considered  only  that  case  of  toothed  wheels 
in  which  the  pitch  lines  are  in  one  plane.  We  have  now  to 
examine  the  modifications  which  are  necessary  when  the  axes  of 
the  wheel  and  pinion  are  inclined.  It  was  shown  in  the  pre- 
liminary Chapter  •  that  in  this  case  motion  might  be  transmitted 
by  the  rolling  contact  of  the  frustra  of  two  cones.  If,  therefore, 
teeth  be  applied  to  these  frustra,  in  the  same  manner  as  in  spur 
gearing  they  are  attached  to  cylindrical  surfaces,  bevel  gearing 
will  be  formed  acting  on  the  same  principles  of  sliding  contact 
which  we  have  already  discussed. 

Let  a  b  c,  A  c  d  (fig.  199)  be  two  cones  rolling  in  contact ; 
take  any  other  cone  a  e  c  also  rolling  in  contact  with  a  b  c,  in 
the  line  a  c.  As  these  cones  roll  together,  the  generating  cone 
A  E  c  will  describe  an  epicycloidal  surface  p  q  r  s  on  the  outside 

♦  See  ante,  p.  44,  §§  68,  69. 
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of  the  cone  a  c  d,  and  a  hypocycloidal  surface  p  t  v  «  on  the  in- 
side of  the  cone  aod.  These  surfaces  will  touch  in  the  line 
p  s,  and  will  have  a  plane  normal  to  their  common  tangent 
passing  through  a  c.  If,  therefore,  these  surfaces  be  attached 
respectively  to  the  cones  a  b  c,  a  o  d,  and  the  motion  of  one 
cone  be  communicated  to  the  other  through  the  sliding  contact 

Fig.  199. 


w 

V 

of  these  surfaces,  the  motion  will  be  uniform,  as  if  the  cones 
were  driven  by  rolling  contact  at  a  o. 

The  curves  p  t,p  q,  lie  in  reality  on  the  surface  of  a  sphere 
of  a  radius  equal  to  a  c ;  but  in  practice,  in  bevel  wheels,  a  small 
frustrum  of  a  cone,  tangential  to  the  sphere  at  the  circumference 
of  the  pitch  line,  is  substituted  for  the  spherical  segment.  Thus 
draw  p  o  G  (fig.  199)  perpendicular  to  a  c,  cutting  the  axes  of  the 
cones  in  p  and  o.    Let  these  lines  revolve  over  the  pitch  lines 
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of  the  cones  and  describe  the  narrow  frustra.  Then  the  epicy- 
cloidal  8urface8  may,  without  sensible  error,  be  supposed  to  lie 
in  these  frustra,  and  to  be  generated  there  by  the  revolution  of 
a  generating  circle  o  e. 

Imagine  the  surface  of  these  frustra  to  be  unwrapped  so  as  to 
lie  in  one  plane ;  they  will  form  parts  of  circular  aunuli.  Thus 
let  a  b  c,  a  c  d  (fig.  200)  be  two  conical  frustra ;  draw  p  c  o  as 

Fig.  200. 


before,  perpendicular  to  the  line  of  contact  A  c.   From  o,  with 
radii  o  h,  g  c,  and  o  k,  describe  the  circles  k  l,  c  m,  h  n  ;  and 
from  p,  with  radii  pk,pc,ph,  describe  similar  circles  k  p, c q, h  b  ; 
then  the  surfaces  k  p  b  h  and  k  l  n  h  will  be  developments  of 
the  frustra  CD,  o  b.    Let  these  be  treated  as  spur  wheels,  aud. 
cq,  cm  being  treated  as  the  pitch  lines,  let  teeth  be  described 
by  a  describing  circle  in  the  method  already  explained  for  epicy- 
cloidal  or  other  teeth.    If,  then,  the  plane  on  which  these  have 
been  described,  and  which  we  suppose  of  drawing  paper  or 
other  flexible  material,  be  cut  along  the  arcs  K  p,  h  b,  k  l,  b  v, 
the  circular  annuli  may  be  wrapped  round  the  frustra  c  b,  c  d, 
and  the  forms  of  the  teeth  traced  off  upon  them. 
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The  axes  of  bevel  wheels  are  in  practice,  in  the  great  gene- 
rality of  cases,  at  right  angles.  Fig.  200  shows  such  a  pair 
of  bevels,  with  the  frustra  of  the  extremity  of  the  teeth  deve- 
loped in  the  manner  described. 

Skew  Bevels, 

When  two  axes  or  shafts,  which  have  to  be  connected  by 
bevel  wheels,  do  not  meet  in  direction,  it  is  usual,  as  stated  in 
the  preliminary  Chapter,*  to  introduce  an  intermediate  bevel 
wheel  with  two  frustra.  But  the  same  object  can  more  easily 
be  accomplished  by  adopting  skew  bevels. 

Let  Bp  q  (fig.  201)  be  the  place  of  one  of  the  two  frustra,  a 
its  centre,  and  a  e  the  shortest  distance  between  the  axis  of 

Fig.  201. 


u 


B  p  q>  and  the  axis  of  the  wheel  to  be  connected  with  it. 
Divide  a  e  in  c,  so  that  a  c  I  e  c  ::  mean  radius  of  a  b  c  I  mean 
radius  of  frustrum  working  with  a  b  c.  Draw  c  p  q  perpen- 
dicular to  a  e ;  then  c  p  or  c  q  is  the  line  of  action  of  the  teeth, 
according  to  the  direction  in  which  the  teeth  are  laid  out  in  the 
pinion. 

Fig.  202  shows  two  wheels  laid  out  in  this  manner;  a  e> 
as  before,  is  the  eccentricity  or  shortest  distance  between  the 
two  shafts,  and  is  divided  in  c  proportionally  to  the  mean  radii 
of  the  wheels  ;  with  centre  a  and  radius  a  c  describe  a  circle, 
and  draw  e  d  perpendicular  to  a  e.  Take  d  f  =  c  e ;  then  d 
will  be  the  centre  of  the  other  wheel.  From  centre  d,  with 
radius  /  d}  describe  a  circle.    Then  the  directions  of  all  the 

«  See  antr,  p.  45,  §  §  70,  71. 
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teeth  in  a  b  c  will  be  tangents  to  the  circle  described  about  a, 
and  the  directions  of  all  the  teeth  in  d  e  p  will  be  tangents  to 

Fig.  202. 
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the  circle  described  about  /.  Fig.  203  shows  two  such  wheels 
in  gear,  the  eccentricity  permitting  the  shafts  to  pass  each 
other. 

The  Worm  and  Wheel. 

By  this  contrivance  the  motion  of  a  screw  is  communicated 
with  great  smoothness  to  oblique  teeth  on  a  spur  wheel. 

The  section  of  a  screw  through  its  axis  is  precisely  similar 
to  that  of  a  double  rack.  Let  a  b  be  such  a  section,  and  for 
simplicity  suppose  that  the  form  of  the  threads  of  the  screw  has 
been  determined  by  one  of  the  rules  already  given  for  racks. 
Then  the  teeth  of  the  wheel  c  d  e  may  evidently  be  formed  so 

Fig.  204. 


as  to  work  with  the  centre  section  of  the  screw.  Now  the  effect 
of  the  revolution  of  the  screw  is  precisely  similar  to  that  of  the 
racks,  and  the  sections  of  the  threads  of  the  screw  will  appear 
to  travel  from  end  to  end,  in  the  same  way  as  a  rack  pushed 
forwards  in  the  same  direction.  If,  therefore,  it  is  sufficient 
that  the  wheel  teeth  be  in  contact  with  the  screw  at  one  point 
only,  the  teeth  of  the  wheel  may  be  made  oblique,  but  straight, 
the  obliquity  being  equal  to  the  pitch  of  the  screw.  This  is 
the  usual  practice  of  millwrights.  If,  however,  the  teeth  are 
required  to  be  in  contact  with  the  entire  breadth  of  the  tooth, 
the  outline  of  the  tooth  must  vary  in  every  section  of  the  wheel, 
and  the  process  of  describing  these  teeth  becomes  very  complex. 
Practically,  the  difficulty  has  been  overcome  by  first  making  a 
pattern  screw  of  steel,  notched  in  the  threads  to  convert  it  into 

T  2 
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a  cutting  instrument.  The  wheel  is  then  roughly  cut  out,  and, 
being  fixed  in  a  frame,  the  screw  is  used  to  cut  out  the  spaces 
between  the  teeth  to  their  true  form. 

Strength  of  the  Teeth  of  Wheels. 

The  pressure  on  the  teeth  varies  directly  as  the  horse  power 
transmitted,  and  inversely  as  the  velocity  of  revolution.  Thus 
if  one  wheel  transmit  5-horse  power  and  another  10-horse 
power  at  the  same  velocity,  the  strain  on  the  latter  will  be 
twice  that  on  the  former.  Or,  again,  if  two  wheels  transmit 
the  same  power,  but  one  at  a  velocity  of  100  feet  per  minute, 
and  the  other  at  only  25  feet  per  minute,  the  strain  on  the 
former  will  be  only  one-fourth  that  on  the  latter. 

Let  v  be  the  velocity  in  feet  per  second,  h  the  number  of 
horse  power  transmitted  ;  then  the  total  pressure  on  the  wheels 
will  be 

P  =  550  H 
v 

where  p  is  the  statical  pressure  in  lbs. 

For  example,  suppose  the  fly  wheel  of  an  engine  to  be  24 
feet  in  diameter,  and  to  work  into  a  pinion  5  feet  in  diameter. 
And  let  the  work  transmitted  be  150-horse  power.  Then,  if 
the  wheel  makes  25  revolutions  per  minute,  the  periphery  will 

75*4  x  25 

move  at  a  velocity  of  «A—  =  31*4  feet  per  second ;  and 

the  statical  pressure  on   the  teeth  will  be  — *    u  = 

81*4 

2,627  lbs. 

In  addition  to  statical  pressure,  however,  a  different  element 
has  to  be  taken  into  account,  namely,  the  impacts  due  to  sudden 
accelerations  or  retardations  of  speed.  The  allowance  which 
must  be  made  to  prevent  accident  from  this  cause  varies  ex- 
ceedingly in  different  kinds  of  machinery.  It  is  great  in  the 
gearing  of  rolling  mills  for  instance,  and  in  all  machinery  in 
which  the  strains  are  irregular. 

In  calculating  the  strength  of  the  tooth,  it  has  been  usual  to 
consider  it  as  a  short  beam  fixed  at  one  end,  and  having  the 
whole  of  the  pressure  applied  along  the  extremity  of  the  tooth. 
But  there  is  a  position  in  which  the  teeth  may  be  subjected  to 
a  severer  stress  still ;  owing  to  the  wear  of  brasses  and  toeth,  we 
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Fig.  203. 

K 


cannot  calculate  upon  the  strain  bearing  always  on  the  whole 
breadth  of  the  tooth.  The  pressure 
may  not  only  come  on  to  the  extremity 
of  a  tooth,  but,  if  any  obstruction  come 
in  between  the  teeth,  it  may  be  thrown 
entirely  upon  one  corner  of  the  tooth. 
In  such  a  case  it  may  be  shown,  by 
the  rules  of  maxima  and  minima,  that 
if  e  c  =  c  b  the  greatest  stress  will  be 
near  the  line  e  b. 

Tredgold  has  expressed  the  strength 
of  a  tooth  on  this  supposition  by  the  formula 

where  d  is  the  thickness  of  the  tooth.  To  allow  for  wear,  how- 
ever, he  adds  one-third,  so  that 

5  1-25 
In  cast  iron  f  =  15,300,  and  hence 

d=   '  /  w 
V  1500 

Or,  in  words,  the  thickness  necessary  for  the  tooth  or  inches  is 
equal  to  the  square  root  of  the  stress  on  the  tooth  in  pounds 
divided  by  1,500.  Hence  Tredgold  has  computed  the  following 
table,  the  breadths  of  the  teeth  being  deduced,  on  the  principle 
that  the  stress  should  not  exceed  400  lbs.  per  inch  breadth : 


w  = 


Table  ok  Thickness,  Breadth,  and  Pitch  op  Teeti 

i  of  Wheels. 

Stress  in  lbs.  at  the  pitch 
line 

Thickness  of  teeth 
in  inches 

Breailth  of  teeth 
in  inches 

Pitch  in  inches 

400 

052 

1 

M 

8(H) 

073 

2 

1-5 

1,200 

090 

3 

1-9 

1,600 

103 

4 

2-2 

2,000 
2.400 

M5 

5 

2-4 

1*86 

6 

27 

2,800 

1-36 

7 

29 

3,200 
3,600 

1-46 

8 

30 

1-56 

9 

3-3 

4.000 
4,400 

1-64 

10 

34 

1-70 

11 

3-6 

4,800 

1-78 

12 

37 

5,200 

1-86 

13 

3-9 

5,600 

193 

14 

4-0 

C.000 

2-00 

15 

4-2 
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To  use  this  table  when  the  horse  power  transmitted  by  the 
wheel  is  known,  the  reader  must  refer  to  the  table  on  page  329. 

Elsewhere  Tredgold  has  given  a  rule  of  the  following  de- 
scription : 

d  =  $  ^/  5  for  cast  iron, 

where  d  is  the  requisite  thickness  of  a  tooth  to  transmit  a  force 
of  h  horses  at  a  velocity  of  v  feet  per  second. 

Hence  Tredgold's  last  rule  for  the  thickness  of  cast-iron 
teeth  is  as  follows :  '  Find  the  number  of  horse  power  trans- 
mitted by  the  wheel,  and  divide  that  number  by  the  velocity  in 
feet  per  second  of  the  pitch  line  of  the  pinion  or  wheel ;  extract 
the  square  root  of  the  quotient,  and  three-fourths  of  this  root 
will  be  the  least  thickness  of  cast-iron  teeth  for  the  wheel  or 
pinion.'  From  this  he  derives  a  second  rule  for  the  pitch, 
which  manifestly  depends  on  the  thickness  of  the  tooth ;  namely, 
multiply  the  thickness  of  the  tooth  by  2*1  ;  and  the  product  will 
be  the  pitch.  The  same  result  may  be  obtained  by  inspection 
from  the  tables  I  have  given  at  pages  317,  318.  Wooden  teeth 
he  recommends  to  be  made  of  twice  the  thickness  of  cast-iron 
ones.  But  one  and  a  half  times  the  thickness  is  a  sufficient 
allowance. 

A  writer  in  the  1  Engineer  and  Machinist's  Assistant ' 
deduces  another  but  equally  simple  rule  for  the  thickness  of 
teeth ;  he  assumes  the  relation 

t  =  c  </w; 

where  t  is  the  thickness  of  the  tooth,  w  the  pressure  on  the 

tooth,  and  c  a  constant  depending  on  the  nature  of  the  material. 

Let,  then,  a  be  the  strength  of  a  bar  1  inch  long,  1  broad,  and 

1  thick.  Then,  to  support  a  weight  w  by  a  bar  of  a  length  /, 
and  breadth  6, 

"Vim,' 

suppose  the  breadth  of  the  tooth  to  be  fixed  at  twice  its  length ; 

t  =      /    w  I  /  w 

V  a  +  2l        V  2a 

Taking  a  =  8,000  lbs.  for  cast  iron,  2  a  ==  16,000  lbs.;  but  as 
this  is  the  breaking:  weight,  the  safe  working  pressure  will  be 
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only  1,600  lbs.,  and  the  thickness  of  the  tooth  for  safe  working 
will  be  for  cast  iron 


A/J^_  =  0-025  a  /w s 

V  1000  V 


where  w  being  given  in  lbs.  J  is  found  in  inches.  Similarly  for 
other  materials  he  obtains 

c  =  *035  for  brass, 
=  *038  for  hard  wood. 

For  example,  in  the  wheel  assumed  at  page  323,  w  was  found 
to  be  2,627  lbs.    Hence  the  necessary  thickness  of  the  tooth,  if 

of  cast  iron,  would  be  -025  ^2627  =  1*28  inches.  Referring 
to  the  tables  of  the  relation  of  pitch,  &c,  we  find  that  the 
wheel  must  be  of  2  J  inches  pitch,  the  teeth  of  2*1  inches  length, 
and  the  breadth  of  the  wheel  2-1  x  2  =  4*2  inches  at  the  least. 
By  Tredgold's  latter  rule,  the  thickness  of  the  teeth  for  the  same 

wheel  would  be  t  =  J  >y/^  =  1*41  inches;   the  pitch 

=  2-1  x  1-41  =  3-0  inches;  and  the  breadth  =  ????  =  6i 

400 

inches. 

550  h 

Bearing  in  mind  that  w  =  ,  where  h  is  the  maximum 

horse  power  transmitted,  and  v  the  velocity  of  the  pitch  line 
of  the  wheel  in  feet  per  second,  we  may  give  these  formula  in 
a  more  convenient  form : 


t  =  x 


Where  x  =  0*587  for  cast  iron, 
„        =  0-821  for  brass, 
„         =  0-891  for  wood. 

Conversely,  if  a  wheel  having  teeth  t  inches  thick  be  given, 
the  horse  power  it  is  capable  of  transmitting  is  given  by  the 
formula 

t*v 

h  =  — »-• 
x2 

Where  a2  =  0-344  for  cast  iron, 
„         =  0*674  for  brass, 
„         =  0-795  for  wood. 
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From  the  following  table  the  pressure  at  other  velocities,  and 
with  another  amount  of  horse  power,  may  be  obtained  by  inter- 
polation, remembering  that  the  pressure  varies  inversely  as  the 
former,  and  directly  as  the  latter.  To  this  we  have  appended 
another  table,  giving  the  horse  power,  which  can  be  safely 
transmitted  by  wheels  of  different  pitches  when  proportioned 
according  to  the  table  at  page  317.  The  last  of  these  tables  has 
been  calculated  on  the  assumption  that  400  lbs.  per  inch  is 
the  greatest  working  stress  which  is  consistent  with  durability 
in  ordinary  cases.    (See  Appendices.) 
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CHAPTER  II. 

ON  THE  STRENGTH  AND  PROPORTIONS  OP  SHAPT8. 

The  system  of  transmitting  power  from  a  common  centre  to  a 
large  number  of  machines,  at  some  distance,  is  comparatively 
modern.  In  the  operations  of  spinning  and  weaving  by  a  con- 
secutive series  of  machines,  placed  in  rows,  shafting  became 
essential  for  distributing  the  power  of  the  common  prime-mover. 
At  first  the  machines  were  brought  as  close  to  the  prime-mover 
as  possible;  and  the  early  construction  of  mills — when  the 
water  power  was  divided  into  separate  falls — must  be  fresh  in 
the  recollection  of  many  persons  now  living.  In  some  cases, 
before  the  introduction  of  the  steam  engine,  it  was  the  custom 
to  have  a  separate  water  wheel  to  every  machine,  thus  splitting 
up  the  power  into  as  many  parts  as  there  were  machines,  or 
pairs  of  machines,  to  drive.  In  process  of  time,  it  was  found 
more  convenient,  on  the  score  of  economy,  to  husband  the  water 
and  concentrate  the  prime-movers ;  hence  one  large  water 
wheel  was  constructed,  around  which  the  machinery  was  ar- 
ranged, either  in  rows  or  otherwise,  as  best  suited  the  work  to 
be  performed. 

This  principle,  of  the  concentration  of  the  motive  power, 
destroyed  the  old  system  of  separate  buildings,  and  led  to  the 
employment  of  a  large  number  of  machines  for  the  various  pro- 
cesses of  manufacture  in  one  building.  From  this  we  derive  the 
Factory  system,  in  which  any  number  of  processes  are  carried 
on,  the  machinery  being  distributed  over  the  different  floors  of 
a  large  building,  and  receiving  motion  from  a  single  prime- 
mover  at  a  convenient  distance.  In  this  way,  the  power  is 
conveyed  by  lines  of  shafting  coupled  together  in  lengths, 
adapted  to  the  bays  or  divisions  of  the  building.  At  first,  the 
buildings  were  short,  and  shafting  of  great  length  was  not  re- 
quired ;  gradually,  more  and  more  machines  were  concentrated 
in  the  same  building,  and  shafting  of  200  or  300  feet  in  length 
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became  necessary.  To  show  to  what  an  extent  this  system  has 
been  carried,  it  may  be  mentioned,  that  in  the  large  mills  at 
Saltaire,  the  shafting,  if  placed  in  a  single  line,  would  extend 
for  a  distance  of  more  than  two  miles.  This  progress  has  been 
chiefly  due  to  the  introduction  of  the  steam  engine,  in  place  of 
water  wheels,  because  the  available  power  is  no  longer  limited 
by  the  circumstances  of  the  locality  in  which  the  mill  is  placed. 

This  concentration  of  a  great  number  of  machines  in  one 
building  is  peculiar  to  the  Factory  system  ;  and  in  the  present 
highly-improved  state  of  mechanical  science  and  its  application 
to  the  production  of  textile  fabrics,  it  has  become  essential  to 
economy  in  the  manufacturing  processes  that  they  should  be 
carried  on  in  the  same  building.  Spinners  and  manufacturers 
are  fully  aware  of  the  advantages  peculiar  to  this  system  of  con- 
centration ;  so  much  so,  that  out  of  what  would  formerly  have 
been  considered  a  mere  fractional  saving,  large  profits  and  large 
fortunes  are  now  made.  In  fact,  the  amalgamation  of  the  dif- 
ferent processes  under  one  management  and  under  one  roof, 
gave  rise  to  the  Shed  system,  where  the  operations  of  the  manu- 
facture of  cotton  are  carried  on  under  what  is  called  the  *  saw- 
tooth 9  roof,  in  order  to  bring  the  whole  on  the  ground  floor 
under  one  inspection. 

1.  The  Material  of  which  Shafting  is  constructed. 

The  selection  of  the  material  for  shafting  is  of  great  import- 
ance, and  the  uses  to  which  it  is  to  be  applied  require  careful 
consideration.  Formerly  wood,  with  iron  hoops  and  gudgeons, 
was  universally  employed ;  then  cast  iron  was  introduced ;  and 
subsequently  wrought  iron  has  in  most  cases  superseded  both. 
Wood,  indeed,  has  become  obsolete  ;  but  cast  iron  is  as  good  as, 
if  not  superior  to,  wrought  iron,  in  certain  cases.  The  main 
and  vertical  shafts  of  a  mill  are  generally  of  cast  iron,  both  on 
account  of  its  cheapness,  and  its  high  resistance  to  torsion. 
The  vertical  shafts,  which  convey  the  power  from  the  first 
motion  wheels  to  the  different  rooms  of  the  mill,  are  more  rigid 
and  less  subject  to  vibration  when  of  cast  iron  :  even  the  main 
horizontal  shafting,  when  of  large  dimensions,  is,  if  substan- 
tially fixed,  quite  as  good,  when  of  the  same  material,  and  much 
cheaper  than  wrought  iron.  Where  the  shaft  is  exposed  to 
impact,  or  any  irregularity  of  force,  wrought  iron  has  the 
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superiority ;  but  in  other  cases,  when  the  castings  are  sound 
and  good,  cast  iron  may  be  employed  with  perfect  safety. 

The  dimensions  required  for  a  shaft,  transmitting  any  given 
force,  will  depend  on  the  resistance  of  the  material  of  which  it 
is  composed.  Consequently,  the  selection  of  material  must  be 
determined  by  the  necessity  for  strength.  Shafts  may  be  con- 
sidered as  subject  to  two  forces:  a  force  producing  simple 
flexure,  arising  from  their  own  weight,  the  weight  of  the  wheels 
and  pulleys,  and  the  strain  of  the  belts ;  and  a  twisting  force 
or  torsion,  arising  from  the  power  transmitted.  If  the  flexure 
be  great,  the  brasses  will  be  much  worn,  vibration  becomes 
considerable,  and  the  disintegration  of  the  machinery  goes  on 
in  an  accelerating  ratio ;  it  is  therefore  necessary  to  proportion 
shafting  to  the  simple  weight  and  direct  transverse  strain  it  has 
to  sustain,  so  as  to  reduce  the  flexure  within  exceedingly  narrow 
limits.  In  addition  to  this,  the  shafting,  having  to  transmit  a 
torsive  force,  must  at  least  be  capable  of  transmitting  it  without 
danger  of  rupture.  In  long  and  light  shafting  the  tendency  to 
flexure  is  usually  greater  than  that  to  rupture  by  torsion ;  the 
former  consideration  will  therefore  determine  the  size  of  the 
shaft.  In  short  axles,  the  danger  from  flexure  almost  disap- 
pears, and  the  strength  of  the  shaft  is  determined  by  its  resist- 
ance to  torsion  only.  In  all  cases  both  conditions  must  be 
complied  with,  if  security  and  permanence  are  to  be  obtained. 

2.  Transverse  Strain. 

Resistance  to  Rupture. — The  general  formula  for  resistance 
to  rupture,  in  the  case  of  a  bar  or  beam  supported  at  each  end 
and  loaded  in  the  centre,  is 

w  =     ...  (i) 

where  w  is  the  load  in  the  centre,  a  the  area  of  a  section  of  the 
bar,  perpendicular  to  the  length ;  d  the  depth  of  the  bar,  and  I 
its  length.  In  this  case  c  is  derived  from  experiment,  and  is 
constant  for  similar  bars  or  beams. 

For  rectangular  bars  this  formula  becomes 

w  » £*£'  ...  (2) 

where  b  is  the  breadth  and  d  the  depth. 
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The  value  of  c,  for  rectangular  bars  found  by  Mr.  Barlow, 
for  various  materials,  is  given  in  the  following  table.  In  ap- 
plying these  numbers  to  calculations,  it  must  be  remembered 
that  a  and  d  are  to  be  taken  in  inches,  and  I  in  feet ;  then  c, 
the  centre  breaking  weight,  is  found  in  lbs. 

When  the  beam  is  supported  at  one  end  and  loaded  at  the 
other,  the  formula  is 

w  =  — jf-  •••  (3). 


41 


Value  of  c  for  different  Materials. 

lbs. 

English  malleable  iron  2,050 

Cast  iron   2,548 

Teak   820 

Oak   400 

Canadian  oak     .    .    .  588 

Ash   675 


lbs. 

Pitch  pine     ....  514 

Beech   518 

Red  pine   447 

Riga  fir   376 

Mar  Forest  fir    .    .    .  415 

Larch   280 


In  my  own  experiments  #  I  found  the  value  of  c  for  cast  iron 
to  range  from  1,606  to  2,615,  the  mean  value  being  about  2,050, 
as  given  above  for  malleable  iron.  Wrought  iron  ranges  from 
the  value  given  above  to  3,000  lbs. 

For  cylindrical  shafts  supported  horizontally  the  ultimate 
resistance  to  rupture  is  about 


1500  d?f  r  ,  A  . 

=  1 — -  for  wrought  iron, 


d  =  v3/  JLL 
V  1500 

1200cP 


w  = 


- —  for  cast  iron, 


v- 


w  I 
1200 


where  w  is  the  centre  breaking  weight  in  lbs.,  d  the  diameter 
in  inches,  and  I  the  length  between  supports  in  feet,  the  shaft 
being  supported  at  the  ends  and  loaded  in  the  middle. 

•  On  the  Application  of  Cast  and  Wrought  Iron  to  Building  Purposes,  p.  352, 
et  $eq. 

f  The  correct  values  of  these  fractions  arc  w  =  14<^rf'  and  w  =.  *7J*\.,  but 
whole  numbers  arc  more  easily  remcml>ercd. 
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If  the  cylindrical  shaft  be  loaded  at  one  end  and  supported 
at  the  other,  these  formulae  become 

368  d*  . 
w  =  — j —  for  wrought  iron, 


d  = 


w  I 
3G8 


w  = 


295  <?>  ,  . 

— j —  for  cast  iron, 


d  = 


3  /  wA 


If  a  beam  be  uniformly  loaded  over  its  entire  length,  it  will 
sustain  twice  the  load  that  would  break  it  if  placed  at  the  centre. 

If  the  load  be  placed  at  any  point  intermediate  between  the 
centre  and  the  ends,  the  breaking  weight  may  be  found  by  the 
following  rule :  Divide  four  times  the  product  of  the  distance 
in  feet,  of  the  weight  from  each  bearing,  by  the  whole  distance 
in  feet,  and  the  quotient  may  be  substituted  for  I  in  the  formula) 
above.  That  is,  if  x  and  y  be  its  distances  in  feet  from  the  two 
bearings  respectively 

(*  1  v) 

From  these  rules  the  strength  of  shafts  may  be  calculated, 
in  all  the  cases  of  ordinary  practice,  where  the  tendency  to  trans- 
verse fracture  has  to  be  guarded  against,  making  the  actual 
strength  at  least  eight  to  ten  times  the  strain  to  be  carried.  In 
shafting,  however,  it  is  not  usually  the  transverse  rupture,  but 
the  flexure  produced  by  lateral  stress,  which  limits  the  size  of 
the  shaft ; — stiffness  in  fact  becomes,  in  these  cases,  a  more 
important  element  than  strength. 

The  following  formula  has  been  given  for  the  deflection  of 
bars  or  beams  loaded  at  the  centre  and  supported  at  the  ends : 
Let    d  be  the  depth  in  inches  ; 
b  the  breadth  in  inches ; 
l  the  length  between  supports  in  feet ; 
w  the  load  in  lbs. ; 

&  the  deflection  at  the  centre  in  inches ; 
M  the  modulus  of  elasticity ; 

then  W  =  ;  and  if  b  ==  d 

560  l  ! 
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d<  =  560  L3wor(?_  ygOgw  ...  (4). 

Or,  in  words,  multiply  the  product  of  the  load  in  lbs.,  and  the 
cube  of  the  length  in  feet,  by  560,  and  divide  by  the  product  of 
the  modulus  of  elasticity  and  the  deflection  assumed  in  inches ; 
the  fourth  root  of  the  quotient  will  be  the  side  of  a  shaft  of 
square  section  which  would  deflect  8  inches  with  a  weight  of 
w  lbs.  placed  at  its  centre.* 

The  following  table  gives  the  values  of  the  modulus  of  elas- 
ticity for  various  materials : 


Modulus  of  elasticity  in  lbs. 

Cast  iron    .       .       .         13,000,000  to  22,907,000 

mean   17,000,000 

Malleable  iron  .  .  24,000,000  to  29,000,000 
Steel  ....        29,000,000  to  42,000,000 

Brass   8,930,000 

Tin   4,608,000 

Ash   1,600,000 

Beech        .       .       .       .       .       .  1,353,600 

Red  pine,  mean   1 ,700,000 

Spruce,  mean   1,600,000 

Larch  ....  900,000  to  1,300,000 
English  oak  ...  1,200,000  to  1,750,000 
American  oak   2,150,000 


For  a  cylindrical  shaft,  the  same  formula  will  apply  with 
another  constant.  I  am  not  aware  that  this  has  been  experi- 
mentally ascertained,  but  it  has  been  given  approximately  as 
952.    Hence,  for  cylindrical  shafts, 

/4_952l*w     ,        /952  l3w 

In  the  work  just  quoted,  these  formulae  have  been  simplified, 
by  fixing  a  maximum  value  for  8,  the  deflection.  The  writer 
assumes  that,  with  shafting,  the  deflection  ought  never  to  ex- 
ceed -pi-o  of  an  inch  for  every  foot  length  of  the  shaft.  Substi- 

»  Engineers'  and  Machinists'  Assistant,  p.  135,  from, which  formulas  (4),  (5).(6), 
to  (11),  and  (23),  in  their  present  convenient  form  for  practical  use,  have  been 
quoted.  The  fundamental  formula,  however,  is  due  to  Young  (Nat.  Philos.  vol.  ii. 
art.  326),  and  to  Tredgold  (Strength  of  Cast  Iron,  p.  208). 
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tuting  this  value,  and  also  the  numerical  value  of  the  modulus 
of  elasticity,  he  obtains  the  following  forniulte : 

1.  For  wood — taking  m  generally  =  1,500,000,  and  8  = 

L 


100 


inches. 


Then,  for  square  shafts,  d  being  the  depth  of  the  side  of  the 
square — 

*-**...<«). 
And  for  round  shafts,  d  being  the  diameter  in  inches — 

d'  =  if  -  (7)- 

2.  For  cast  iron — taking  M  =  18,000,000  lbs.  and  l  as 
before — 

La  W 

For  square  section,  d*  =  — - -  ...  (8). 

V  I  — 

L2  W 

For  round  section,  d*  =  v  -  ...  (9). 

240       v  ; 

3.  For  wrought  iron — taking  M  =  24,500,000  lbs.  and  8  as 
before — 

L2  W 

For  square  section,  d*  =  ...  (10). 
For  round  section,  d*  =  — -  ...  (11). 

'       a^4     v  ' 

By  transposition,  the  formulae  given  above  become — 
For  wood — 


Square  section,  L  = 


w  = 


33  J* 
w 


Bound  section,  h 


For  cast  iron  — 
Square 
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Round  section,  l 


210  d* 


w  = 


For  wrought  iron — 

I  .  / 

Square  section,  L=  a/ 


w  = 


w 

240  d* 
l? 

bWd* 

w 
567  d* 


...  (17). 
...  (18). 

...  (19). 
...  (20). 


Round  section,  h- 


^i'" ...  (2.). 


When  the  weight  is  uniformly  distributed  over  the  length 
of  the  shaft,  the  general  formula  is 

270  l3  w      i        /27Cn^  vT 

...  (JU). 


ord=^70^w 


M  8 


Substituting  in  this  equation  the  same  values  of  M  and  6  as 
before,  we  obtain  the  following  formulae  : 


For  wood — 


For  cast  iron — 


For  wrought  & 


(Z4=—  ,  for  square  shafts. 

d4^1^  for  round  shafts. 
'32 

=       for  square  shafts. 
o0o 

d*  =  -—  for  round  shafts. 

ooo 

dA=^  7[  for  square  shafts. 
DO  7 

d4  =  —-  for  round  shafts. 
52 1 

The  following  tables  for  cast  and  wrought  iron  round  shaft- 
ing are  calculated  from  the  formula)  (9)  and  (11)  for  weights 
placed  at  the  centre  of  a  shaft  supported  at  each  end.  In 
using  them  for  cases  in  which  the  weight  is  distributed  along 
its  length,  as  in  the  case  of  the  weight  of  the  shaft  itself,  it 
must  be  remembered  that  a  distributed  weight  produces  f  ths  of 
the  deflection  of  the  same  weight  placed  at  the  centre. 

z  2 
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From  the  foregoing  it  will  be  seen  that  the  weights  given 
in  the  tables  are  correct  indications  of  the  load  required  in  the 
centre  to  produce  a  deflection  of  the  a  al00th  of  the  length  of 
the  shaft.*  This  fraction  is  not,  however,  the  universal  standard 
among  millwrights ;  on  the  contrary,  there  appears  to  be  no 
recognised  standard  in  practice,  by  which  the  deflection  from  a 
given  weight  can  be  ascertained  ;  and  although  -t  J0  0th  may,  in 
many  cases,  give  si  larger  area  with  increased  weight  in  shafts 
that  are  not  heavily  loaded  in  the  middle,  nevertheless  it  is 
important  that  the  shafts,  when  loaded  as  above,  should  not 
bend  more  than  1  ^66th  of  their  length.  In  cases  where  the 
load  is  light  and  equally  distributed,  lighter  and  smaller  shafts 
would  suffice. 

The  following  tables  give  the  deflection  of  cylindrical  shafts 
with  their  own  weight : 


Table  ILL— Deflection  arising  from  the  Weight  of  the  Shaft. 
Cast-Iron  Cylindrical  Shafts. 


Diameter 

of  Shaft  in  inches 

i 

Length  be- 

tween bearing* 

In  feet 

1 

2 

4 

« 

10 

12 

14 

16 

in*. 

ins. 

ins. 

Im. 

ins. 

ins. 

ins. 

ins. 

ins. 

5 

004 

001 

•000 

•000 

•000 

•000 

•000 

•000 

•000 

10 

067 

017 

•004 

•005 

•001 

•001 

■001 

•ooo 

•ooo 

15 

•338 

•085 

•021 

OO'J 

•005 

•003 

•002 

002 

•001 

20 

1067 

•267 

•067 

•020 

017 

•oil 

•007 

005 

•004 

25 

2-603 

•651 

163 

073 

041 

•026 

•018 

013 

•010 

Table  IV.— Deflection  arising  from  the  Weight  of  the  Shaft. 
Wkouoht-Iuon  Cylindrical  Shafts. 


Diamoter  of  Shaft  in  inches 

Length  be* 
tween  liearinps 

in  feet 

l 

2 

4 

c 

8 

10 

12 

14 

16 

ins. 

In. 

In*, 

in*. 

ins. 

ins. 

ins. 

in*. 

5 

003 

•001 

•ooo 

•000 

•000 

•ooo 

•ooo 

000 

•000 

10 

050 

•013 

'003 

001 

001 

•001 

•ooo 

000 

•ooo 

15 

•256 

•064 

016 

•007 

•004 

003 

002 

001 

•001 

20 

•808 

•202 

051 

•022 

013 

•008 

•005 

004 

•003 

25 

1!>72 

•4  5»3 

123 

•055 

•031 

020 

013 

010 

•008 

The  above  tables  clearly  indicate  the  deflection  of  shafts  of 
different  lengths  by  their  own  weight,  and  will  be  a  guide  to 

•  This  standard  is  tie  one  assumed  by  Tredgold  (Strength  of  Cast  Iron.  p.  210). 
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the  millwright  in  calculating  the  distance  of  the  bearings  be- 
tween which  they  revolve.  It  is  important  in  shafting,  when 
extended  in  long  ranges,  that  there  should  not  be  any  serious 
deflection,  either  from  the  weight  of  the  shaft,  or  lateral  stress. 
I  have  always  found  that  a  stiff  shaft,  although  heavier  in  itself, 
is  lighter  to  retain  in  motion  than  a  smaller  one  which  bends  to 
the  strain. 

3.  Torsion. 

In  addition  to  the  lateral  flexure  from  transverse  forces, 
shafting  is  subjected  to  a  wrenching  or  twisting,  from  the 
power  transmitted  acting  tangentially  to  its  circumference. 
This  causes  one  end  of  the  shaft  to  revolve  in  relation  to  the 
other  end,  through  a  smaller  or  greater  angle,  known  as  the 
angle  of  torsion  ;  and,  if  sufficient  force  be  applied,  this  angle 
increases  till  the  resistance  of  the  material  is  overcome,  and 
the  shaft  gives  way. 

Coulomb  laid  the  basis  of  our  knowledge  of  the  resistance 
to  torsion  of  cylindrical  bodies,  and  he  verified  his  theoretical 
deductions  by  admirably-contrived  experiments,  on  a  small 
scale.  He  showed  that  in  wires  where  the  diameter  is  small  in 
relation  to  the  length,  the  angles  of  torsion  are  in  proportion  to 
the  length,  and  reciprocally  proportional  to  the  moment  of 
inertia  of  the  base  of  the  cylinder  in  relation  to  its  centre.  He 
also  discovered  that  each  wire  acquired  a  permanently  accele- 
ration-varying torsion,  according  to  the  degree  in  which  it 
departed  from  its  primitive  position,  and  that  these  permanent 
torsions  have  no  fixed  relation  to  the  temporary  torsions,  co- 
existing with  the  application  of  the  moving  force.  With  the 
same  wire  he  found  the  torsion  to  be  in  proportion  to  the  force 
applied ;  with  the  same  length  and  force  inversely  as  the  fourth 
power  of  the  diameter. 

These  deductions  are  expressed  by  the  following  formula : 

6  =  1?  x  w ' 

7T  G        r  * 

where  6  is  the  angle  of  torsion,  r  the  radius,  and  I  the  length 
of  the  wire,  R  the  leverage  at  which  the  weight  w  acts,  and  o 
the  modulus  of  torsion  for  the  material ;  being  about  f ths  of 
the  modulus  of  elasticity. 

In  1829  a  paper  was  communicated  to  the  Royal  Society  by 
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Mr.  Bevan,  containing  experimental  determinations  of  the  mo- 
dulus of  torsion  for  a  large  number  of  substances,  of  which  the 
most  important  are  given  below. 

Let  8  be  the  deflection  of  a  prismatic  shaft  of  a  given  length 
/  when  strained  by  a  given  force  w  in  lbs.,  acting  at  right 
angles  to  the  axes  of  the  prism  and  at  a  leverage  r ;  let  d  be 
the  side  of  the  square  section  of  the  shaft,  Z,  r,  8,  d,  being  in 
inches ; 

£     ra  Iw 

where  t  is  the  modulus  of  elasticity  ih  the  table,  page  345. 

If  the  transverse  section  of  the  prism  be  a  parallelogram, 
let  b  be  the  breadth  and  d  the  depth  ;  then  Mr.  Bevan  gives  the 
formula, 

g  _  (d  +  b)  /r2  w 
2  b  d3T 


If  the  torsion  be  required  in  degrees  (A),  then  let  p  =  57*29578, 

'pit 

d*  T 


A  =  r    -  w,  for  square  shafts. 


For  example, 

r  I  w 


^  ^  for  wrought  iron  and  steel, 
for  cast  iron. 


r  I  w 


1G600  d* 

A  very  careful  experimental  study  of  the  effect  of  torsion  on 
various  materials  has  been  made  by  Mr.  M.  G.  Wertheim,  and 
was  presented  to  the  Acad^mie  des  Sciences  in  1855.  The 
general  results  at  which  he  has  arrived  may  be  stated  as  fol- 
lows : 

1.  The  total  angle  of  torsion  consists  of  two  parts,  of  which 
one  is  purely  temporary,  whilst  the  other  persists  after  the 
force  has  ceased  to  act.  It  is  not  possible  to  assign  the  limit 
at  which  the  permanent  torsion  begins  to  be  sensible,  nor  has 
it  any  fixed  relation  to  the  temporary  torsion  ;  it  augments  at 
first  very  slowly,  afterwards  more  rapidly,  till  the  bar  breaks.* 

*  We  have  many  practical  instances  of  this  tendency  to  rupture  which  at  first 
appear  only  temporary;  but  a  continuation  of  the  same  action,  particularly  in 


Digitized  by  Google 


OX  THE  STRENGTH  AND  PROPORTIONS  OF  SHAFTS.  345 


Table  V.— Values  of  Modulus  of  Torsion  according  to  Mr.  Bevan. 


Material 

Specific 

gravity 

Modulus  of 
torsiou 
\ 1 1 

II*. 

Ash  

— — 

20,300 

Beech  .... 

— 

21,243 

Elm  

— 

1 3,500 

Scotcli  iir  . 

13,700 

Hornbeam .... 

•Ht> 

26,400 

Larch  .... 

•58 

1 8,967 

En»hsh  oak 

—  — 

20,000 

Memel  pine 

— — 

1 5,000 

American  pine  . 

14,750 

Teak  

16,800 

Old  and  partially  decayed 

Teak,  African 

— 

27,300 

Iron,  English  wrought 

— 

1,775,000 

(Mean) 

Steel  ..... 

1 ,753,000 

(Mean) 

Iron  (cylindrical) 

— 

1,910,000 

»i           »»  • 

„    (square)  . 

1,617,000 

»»        »»  ... 

1,667,000 

> 

»?        ♦»  ... 

1,951,000 

Cast  iron  . 

940,000 

n  t» 

»»      »>      •       •       •  • 

963,000 
952,000 

»t     »»             •       •  • 

951,600 

(Mean) 

Bell  metal .... 

818,000 

2.  The  temporary  angles  are  not  rigorously  proportional  to 
the  moments  of  the  forces  applied. 

3.  The  mean  angles  of  torsion  are  not  rigorously  propor- 
tional to  the  length  of  the  bar,  increasing,  although  very 
slightly,  in  proportion  to  the  length,  as  the  bars  are  made 
shorter. 

4.  The  interior  cavity  of  all  hollow  homogeneous  bodies 
diminishes  by  torsion,  and  this  diminution  is  proportional  to 
the  length  and  to  the  square  of  the  angle  of  torsion  for  unity 
of  length. 

long  ranges  of  shafts,  in  process  of  time,  developes  itself  in  the  form  of  a  per- 
manent deterioration  which  ultimately  leads  to  fracture.  This  was  strikingly 
exemplified  in  a  range  of  shafts,  220  feet  long,  tapering  from  three  inches 
diameter  at  the  driving  end,  to  two  inches  diameter  at  the  other. 

The  work  done  by  these  shafts  was  uniform  throughout ;  hut  it  was  soon  found 
that  the  shaft  had  made  nearly  116  revolutions  at  the  driven  end  of  the  room, 
before  it  began  to  move  at  the  other.  The  result  was  a  continued  series  of  jerks 
or  accelerated  and  retarded  motion,  injurious  to  the  machinery,  and  destructive 
to  the  work  it  had  to  perform.  It  was,  moreover,  injurious  to  the  shafts,  particu- 
larly in  the  middle,  where  the  twist  was  severely  felt,  and  would  have  led  to 
rupture,  but  from  the  circumstance  that  they  had  to  be  renewed  with  a  stiff er 
and  stronger  range. 
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5.  For  cylindrical  bodies  Mr.  Wertheim  gives  the  following 
formulae : 

Let  yfr  be  the  mean  temporary  angle  of  torsion,  for 
p  =  1  kilogramme,  and 
I  =  1  m£tre ; 

p  =  the  sum*  of  the  two  weights  producing  torsion 

and  constituting  a  couple  in  kilogrammes ; 
E  sb  the  leverage  at  which  the  weight  p  acts  ; 
I  =  length  of  the  bar  subject  to  torsion,  in  milli- 
metres ; 

r  =  the  exterior  radius  of  the  section  of  the  bar,  in 
millimetres ; 

r,  =  the  interior  radius  of  hollow  bars,  in  millimetres; 
e  =  the  modulus  of  elasticity  of  the  material  obtained 
from  experiments  on  tension. 

Then,  for  solid  bars  :  t 

.       16    180    jjr  /. 

and  for  hollow  cylinders 


16 

3 


180 


7T 


E 


In  the  following  experiments,  p  =  1  kilogramme,  E  =  247*5 
millimetres,  I  =  1,000  millimetres. 

Rkslme  of  Experiments  on  Cylinders  of  Circular  Section. 


Matrrinl 

CocffiViotit 

of  HllMti- 

oRj  (E) 

Menu  angle  of  torsion 

- 

(r) 

P.y  formula 

By  cx]»erinioDt 

1 



Iron  .... 

in  tn. 
8220 

17,805 

o      /  n 

0  17  16  1 

O         1  » 

0  17  52  1 

2 

Iron  .... 

5*501 

1  28  0-8 

1  26  31-3 

3 

Cast  steel 

5055 

19,542 

1  53  120 

1  51  13-4 

4 

Copper  .... 

5  031 

9,395 

3  59  59-1 

3  54  6-0 

5 

Glass  .... 

3535 

6,200 

24  51  56  0 

24  15  34-7 

G 

Glass  .... 

34225 

„ 

28  18    2  0 

28  30  14  0 

*  In  Mr.  Wertheim's  experiments  equal  weights, acting  in  opposite  directions 
at  the  same  leverage,  were  hung  one  on  each  side  of  the  bar  subjected  to 
torsion. 

f  The  above  formulae  maybe  used  witli  English  measures,  E  being  taken  from 
English  tables,  if  j>  be  given  in  lbs.,  and  r,  I,  and  R  in  inches. 
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Resume  of  Experiments  on  the  Torsion  of  Hollow  Cylinders  of  Copper. 


• 

1 

External 
radius  (r) 

Interna) 
nvlnis  (r) 

Cocffkieut  of 
elasticity  from 
tension  (E) 

Angle  of  torsion  (^») 

By  formula 

By  experiment 

1 

53 

54 

65 

!  I 

9 

t 

11,525 
7,082 
5,047 
5,602 
45,605 
86,955 

10.021 
4,966 
30.315 
24,665 
2,478 

MT. 

10,017 
10,444 
10  276 
9.665 
9,855 
10,645 

o       S  n 

0  17  30  2 

1  12  183 
4    9  40 

2  37  40  4 
6  11  103 

15    9  14-4 

0  20    0  6 

1  16  52  9 
4    6  54*7 

2  33  38  2 
6    0  53-8 

15  42  37  3 

The  accordance,  in  these  tables,  between  the  formulae  and 
the  experiments  is  very  satisfactory,  especially  considering  that 
the  value  of  E  cannot  be  determined  with  perfect  accuracy. 
The  errors  do  not  generally  exceed  ^th,  and  the  observed 
angles  are  smaller  than  those  found  by  calculation,  except  in 
the  case  of  the  cylinders  9,  53,  and  54. 

For  bars  of  elliptical  section  Mr.  Wertheim  has  deduced  the 
formula 

180    £B  l(c\+c%) 


3     7T2      e        e\  cj 


where  c,  and  c%  are  the  two  semi-axes  of  the  ellipse,  the  other 
letters  remaining  as  before. 

Resume  of  Experiments  on  the  Torsion  of  Elliptical  Bars. 


1 

Material 

Semi-axis 

Coefficient  of 
elasticity 

Mean  angle  of  torsion  | v ) 

t. 

by  tension 
(E) 

By  formula 

By  experiment 

;  " 

12 
IS 

Cast  steel  .  . 

M 

Cupper  .    .  . 
... 

mm. 
7.105 
9,900 
7,062 
9,875 

mm. 
3,697 
25,075 
3,669 
2,498 

19,085 

9,634 
»» 

2  13  56-7 
4  18  01 
4  32  56  7 
8  38  11  2 

2  10  55-4 
4  13  182 
4  30  41  2 
8  54  33-9 

For  bars  of  rectangular  section  the  formula  becomes 

180     1    pR    l(a*  +  b*) 
^  ~  7T2  '  2  '   E  *    a3  b3 ' 

But  it  is  necessary  to  apply  a  coefficient  of  correction  c  to 
the  calculated  angle  such  that  if  yfr{  be  the  calculated  angle  of 

torsion,  and  yjr2  the  angle  found  by  experiment,  then  c  = 


Digitized  by  Google 


348  OX  MACHINERY  OF  TRANSMISSION. 

This  coefficient  varies  with  the  ratio  ~  of  tlie  s^es  of  the  DarJ 

o 

thus,  when  I  =  500  millimetres,  and  the  section  was  36  milli- 
metres square, 

1  .  .  .       1  2  4  8 

Value  of  coefficient    0-8971    0-9617    0-9520  0-9878 

It  varies  also  with  the  ratio  £  and  with  the  moment  of  the 

b 

couple  p  B. 

For  the  ultimate  resistance  of  cylindrical  shafts  to  rupture 
by  torsion,  Professor  W.  J.  M.  Rankine  gives  the  following 
formula:* 

Let  I  denote  the  length  in  inches  of  the  lever,  such  as  a 
crank,  at  the  end  of  which  a  wrenching  or  twisting  force  is 
applied  to  an  axle.  Let  w  be  the  working  load  in  pounds, 
multiplied  by  a  suitable  factor  of  safety  (usually  six) ;  then 

w  /  =  M 

is  the  wrenching  moment  in  inch  pounds. 

For  a  solid  axle  let  h  be  its  diameter ;  then 

M  =  /A1a„a;l=y€p 

For  a  hollow  axle  let  A,  be  the  external,  and  h0  the  internal, 
diameter  in  inches  ;  then 

M /ft?  d_*n 

5-1A,        ~5T  '  V  K*J 
and/t,  =  V  |  / 

i/v  h\)\ 

The  values  of  the  modulus  of  wrenching/  are 
for  cast  iron  about  30000, 

for  wrought  iron       „  54000, 

and  taking  six  as  the  factor  of  safety,  if  we  put  the  working 
moment  of  torsion  in  the  formulae  instead  of  the  wrenching 
moment,  we  may  put  instead  of / 

*  Manual  of  Applied  Mechanics,  p.  355.    Manual  of  Steam  Engine,  p.  78. 
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for  cast  iron  ....  5000, 
for  wrought  iron  .    .    .  9000. 

Hence  we  get  for  w,  the  working  stress,  with  solid  shafts, 

5000  V      980  h3  ,        .  .  ,0, 
i  =  /   =  -. —  for  cast  iron  ...  (2) 

9000  h*      1 765  h*  ...  fQ, 

=  --^  ~ — =       j  —  for  wrought  iron  ...  (3) 

On  this  principle  I  have  calculated  the  following  tables  (pages 
850,  351)  giving  the  safe  moment  of  torsion  for  cylindrical  cast 
and  wrought  iron  shafts,  and  also  the  working  stress  to  which  they 
may  be  subjected  at  the  circumference  of  pulleys  or  wheels  of 
various  diameters.  In  cases  where  the  horse  power  trans- 
mitted by  a  shaft  is  given  instead  of  the  stress,  the  latter  may 
be  found  by  the  table  on  page  329. 

The  greatest  angle  of  torsion,  which  it  is  safe  to  allow  in  a 
line  of  shafting,  is  determined  by  the  extension  of  the  material 
within  the  elastic  limits.  If  -rrrVnth  of  the  length  be  assumed 
as  the  maximum  extension  with  the  safe  working  load,  then  the 
shaft  must  be  so  proportioned  that  the  angle  of  torsion  is  less 
than  that  given  by  the  following  formula : 

,       2284  L      ,  n 

+  =  Hood  -  (4) 

where  l  is  the  length  of  the  shaft  in  feet,  d  its  diameter  in 
inches,  and  yfr  the  angle  of  torsion  in  degrees. 

It  is  convenient  to  estimate  the  ultimate  resistance  of  shafts 
to  torsion,  not  only  as  a  statical  pressure  acting  at  a  leverage, 
but  also  iu  horse  power.  Now  the  stress  resulting  from  the 
transmission  of  power  must  evidently  increase  in  proportion  to 
the  power,  and  decrease  in  proportion  to  the  velocity.  A  shaft 
will  transmit  100-horse  power  at  80  revolutions  a  minute  with 
no  more  stress  than  it  would  transmit  50-horse  power  at  40 
revolutions,  or  25-horse  power  at  20  revolutions.    Hence  the 

torsion  varies  as  ~,  where  h  is  the  number  of  horse  power  per 

R 

minute,  and  R  the  number  of  revolutions  per  minute. 

Buchanan's  rules  for  the  power  transmitted  by  shafts  are  :  * 

*  These  rules  will  be  found  in  the  second  edition  of  Huchanan,  at  pago  32$, 
rt  teq. 
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For  lly-wheel  shafts 

For  shafts  of  water-wheel  gearing  and  other  heavy  work, 

For  shafts  of  ordinary  mill  gearing 

An  ordinary  allowance  for  wrought-iron  shafting  in 
practice  is 

d= V\\ x  2501  - 

From  the  foregoing  observations  in  regard  to  torsion,  and  the 
power  of  transmission  of  shafts  at  different  velocities,  it  is  a  de- 
sideratum of  much  importance  to  the  engineer,  so  to  proportion 
shafts  in  relation  to  their  lengths  as  well  as  velocities,  as  to  be 
within  the  limits  of  sensible  permanent  torsion  and  flexure,*  and 
at  the  same  time  to  increase  the  speeds  in  a  given  ratio  to  the  velo- 
cities of  the  machine  and  the  nature  of  the  work  it  has  to  execute. 
In  the  above  disquisition  we  have  only  given  the  law  and  the 
safe  measure  of  torsion  as  regards  length  and  area ;  but  much 
must  still  depend  on  the  calculation  and  judgment  of  the  mill- 
wright and  engineer,  in  its  application  to  the  character  of  the 
work  they  have  to  perform,  and  the  resistances  they  have  to 
overcome. 

From  formula  (5)  the  following  table  (page  353)  has  been 
calculated,  giving  the  diameter  necessary  to  transmit  from  1  to 
150-horse  power  at  from  10  to  1,000  revolutions  per  minute. 

*  Although  we  speak  of  the  limits  of  permanent  torsion,  we  are  not  prepaid 
to  fix  these  limit*,  as  we  find  that  what  produces  a  permanent  set  in  any  ma'eriil. 
however  minute  a  fraction  it  may  1k>,  will  in  process  of  time,  if  continued.  a^J 
often  repeated,  lead  to  fracture.  This  law  applies  to  every  description  of  strain 
or  material,  and  we  may  therefore  consider  that  there  is  a  limit  to  endurance 
however  distant  that  may  be. 
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4.  Velocity  of  Shafts. 

As  the  quality  of  the  material  employed  for  the  construction 
of  shafts  enters  largely  into  the  calculation  of  their  strength, 
so  also  the  velocity  at  which  they  revolve  becomes  an  important 
element  in  the  calculation  of  the  work  transmitted  by  them.  In 
all  cases  where  machinery  has  to  be  driven  at  a  high  speed,  it 
is  advantageous  and  even  essential  to  run  the  shafting  at  a 
proportionate  velocity.  If,  for  example,  there  are  a  series  of 
machines  running  at  500  revolutions  per  minute,  it  will  be 
advisable  to  run  the  shafts  at  half  that  speed,  by  which  means 
the  following  very  important  advantages  will  be  gained. 

There  will  be  a  great  saving  in  the  weight  of  the  shafts,  for, 
with  a  slow  motion  of  50  revolutions  per  minute,  fully  three 
times  the  weight  would  be  necessary  to  transmit  the  same  power. 
There  would  also  be  a  saving  in  original  cost  in  the  power 
absorbed,  and  in  maintenance. 

Shafts  running  at  low  velocities  are  cumbersome,  heavy,  and 
expensive  to  repair.  They  are  costly  in  the  first  instance,  and 
they  block  up  the  rooms  of  the  mill  with  large  drums  and 
pulleys,  obstructing  the  light,  which,  in  factories,  is  a  consider- 
ation of  very  great  importance. 

At  the  commencement  of  the  present  century  mills  were 
geared  with  ponderous  shafts,  such  as  those  just  described. 
They  were  generally  of  cast  iron,  square,  and  badly  coupled, 
and  the  power  required  to  keep  them  in  motion  was  in  some 
cases  almost  equal  to  that  required  by  the  machinery  they  had 
to  drive.  In  the  present  improved  system,  with  light  shafts 
accurately  fitted  and  running  at  high  velocities,  the  work  which 
previously  was  absorbed  in  transmission  is  now  conveyed  to  the 
machinery  of  the  mill. 

I  may  safely  ascribe  my  own  success  in  life  and  that  of  my 
friend  and  late  partner,  Mr.  James  Lillie,  to  the  saving  of  power 
effected  by  increasing  threefold  the  velocity  of  the  shafting  in 
mills  more  than  forty  years  ago.  The  introduction  of  light  iron 
shafting  not  only  enabled  the  manufacturer  to  effect  a  consider- 
able saving  in  the  original  cost,  but  a  still  greater  saving  was 
effected  in  power,  whilst  it  relieved  the  mills  from  the  ponderous 
wooden  drums  and  heavy  shafting  then  in  use,  and  established 
an  entirely  new  system  of  operations  in  the  machinery  of 
transmission. 
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5.  Length  of  Jou  rnals,* 

Another  consideration  of  considerable  importance  to  the 
smooth  and  safe  working  of  shafting  is  the  length  of  the 
journals.  From  a  number  of  years'  experience  I  have  been  led 
to  believe  that,  with  cast  iron,  one  and  a  half  times  the  diameter 
of  the  shaft  is  the  best  proportion  for  the  length  of  the  bearing, 
and,  with  wrought  iron,  one  and  three-quarters  the  diameter. 
On  the  question  of  shafts  revolving  in  the  steps  of  plummer 
blocks  and  the  proportions  necessary  to  effect  motion  without 
danger  of  heating,  it  is  essential  (without  entering  largely  into 
the  laws  of  friction  on  bodies  in  contact)  that  we  should  ascertain 
from  actual  practice  and  long-tried  experience  the  best  form  of 
journals  of  shafts  adapted  for  that  purpose.  The  lengths  pro- 
portionate to  the  diameters  have  already  been  given,  but  we  have 
yet  to  consider  the  dimensions  of  the  journals  of  large  shafts 
where  they  are  small  in  comparison  with  the  pressure  or  the 
weight  they  have  to  sustain.  Let  us,  for  example,  take  a  fly- 
wheel shaft  and  the  foot  or  toe  of  a  line  of  vertical  shaft  ex- 
tending to  a  height  of  six  or  seven  stories  in  a  mill  filled  with 
machinery,  and  we  have  the  safe  working  pressure  per  square 
inch  as  indicated  in  the  last  column  in  the  following  table  : 


Description  of  Shaft 

Length  and 
diameter  of 
Shaft  in  in*. 

Number  of 
"In  bearing 

Weight  on 
bearing  in 
lbs. 

Weight  in  lb«. 

per  square 
inch  on  bear- 
ing 

Fly-wheel  shaft  wrought  iron 

18  x  15 

252 

45,024 

17821 

Vertical  shaft  cast  iron  . 

—  x  11 

95 

23,061 

242-70 

Horizontal  shaft  cast  iron 

15  x  10 

150 

6,000 

4000 

Horizontal  shaft  wrought  iron 

6x3 

18 

540 

30-00 

»»             »»  >» 

2  x  4 

8 

160 

20O0 

From  the  above  it  will  be  seen  that  in  fly-wheel  shafts  the 
pressure  should  never  exceed  180  lbs.  per  square  inch,  and  in 
that  of  the  toes  of  vertical  shafts  240  lbs.  per  square  inch.  Even 
with  this  latter  pressure  it  is  difficult  to  keep  the  shafts  cool, 
and  it  requires  the  greatest  possible  care  to  keep  them  free 
from  dust  or  any  minute  particles  of  sand  or  other  sharp  sub- 

*  Rules  for  the  diameters  of  gudgeons  or  journals  for  those  cases  in  which 
they  are  calculated  independently  of  the  diameter  of  the  shaft,  are  given  mU, 
p.  114. 

a  a  2 
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stances  getting  into  the  steps.  The  feet  of  vertical  shafts  also 
require  the  very  best  quality  of  gun  metal  for  the  shaft  to  run 
in,  and  fine  limpid  oil  for  lubrication  to  prevent  the  toe  from 
cutting.  It  is,  moreover,  necessary  for  the  shaft  to  fit  well  on 
the  bottom  of  the  step,  and  not  too  tight  on  the  sides,  and  to  have 
a  fine  polish. 

Another  point  for  consideration  is  the  proper  form  of  the 
journals  of  shafts;  and  that  is,  they  should  never  have  the 

journal  turned  or  cut  square  down  to 
the  diameter,  but  hollowed  in  the  form 
shown  in  the  figure  at  a  a  o  a.  From 
a  series  of  interesting  experiments  it 
has  been  shown  that  the  square-cut 
shaft  loses  nearly  ith  of  its  strength,  and  by  simply  curving 
out  the  shaft  at  the  collars  in  the  form  described,  the  resistance 
to  strain  is  increased  j-th,  or  in  that  proportion. 


Fig.  206. 


6.  Friction. 

On  the  subject  of  friction  much  cannot  be  said.  We  may, 
however,  adduce  a  few  experiments  from  Morin  and  Riviere, 
which  appear  to  bear  out  our  previous  experience  of  the  length 
of  journals. 

In  the  years  1831,  1832,  and  1833,  a  very  extensive  set  of 
experiments  were  made  at  Metz  by  M.  Morin,  under  the  sanc- 
tion of  the  French  Government,  to  determine,  as  nearly  as  pos- 
sible, the  laws  of  friction,  and  by  which  the  following  were  fully 
established : 

When  no  unguent  is  interposed,  the  friction  of  any  two  sur- 
faces, whether  of  quiescence  or  of  motion,  is  directly  propor- 
tional to  the  force  with  which  they  are  pressed  perpendicularly 
together ;  so  that  for  any  two  given  surfaces  of  contact  there  is 
a  constant  ratio  of  the  friction  to  the  perpendicular  pressure 
of  the  one  surface  upon  the  other.  Whilst  this  ratio  is  thus  the 
same  for  the  same  surfaces  of  contact,  it  is  different  for  different 
surfaces  of  contact.  The  particular  value  of  it  in  respect  to  any 
two  given  surfaces  of  contact,  is  called  the  coefficient  of  friction 
in  respect  to  those  surfaces. 

When  no  unguent  is  interposed,  the  amount  of  the  friction 
is,  in  every  case,  wholly  independent  of  the  extent  of  the  sur- 
faces of  contact ;  so  that  the  force  with  which  two  surfaces  are 
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pressed  together,  being  the  same,  their  friction  is  the  same, 
whatever  be  the  extent  of  their  surfaces  of  contact. 

That  the  friction  of  motion  is  wholly  independent  of  the 
velocity  of  the  motion. 

That  where  unguents  are  interposed,  the  coefficient  of  friction 
depends  upon  the  nature  of  the  unguent,  and  upon  the  greater 
or  less  abundance  of  the  supply.  In  respect  to  the  supply  of 
the  unguent,  there  are  two  extreme  cases — that  in  which  the 
surfaces  of  contact  are  but  slightly  rubbed  with  the  unctuous 
matter,  as,  for  instance,  with  an  oiled  or  greasy  cloth,  and  that 
in  which  a  continuous  stratum  of  unguent  remains  continually 
interposed  between  the  moving  surfaces ;  and  in  this  state  the 
amount  of  friction  is  found  to  be  dependent  rather  upon  the 
nature  of  the  unguent  than  upon  that  of  the  surfaces  of  contact. 
M.  Morin  found  that  with  unguents  (hog's  lard  and  olive  oil) 
interposed  in  a  continuous  stratum  between  surfaces  of  wood  on 
metal,  wood  on  wood,  and  metal  on  metal,  when  in  motion, 
have  all  of  them  very  nearly  the  same  coefficient  of  friction, 
being  in  all  cases  included  between  '07  and  -08.  The  coefficient 
for  the  unguent  tallow  is  the  same,  except  in  that  of  metals  upon 
metals.  This  unguent  appears  to  be  less  suited  for  metallic 
surfaces  than  the  others,  and  gives  for  the  mean  value  of  its 
coefficient  under  the  same  circumstances  -10.  Hence  it  is  evi- 
dent that  where  the  extent  of  the  surface  sustaining  a  given 
.  pressure  is  so  great  as  to  make  the  pressure  less  than  that  which 
corresponds  to  a  state  of  perfect  separation,  this  greater  extent 
of  surface  tends  to  increase  the  friction  by  reason  of  that  adhe- 
siveness of  the  unguent,  dependent  upon  its  greater  or  less  vis- 
cosity, whose  effect  is  proportional  to  the  extent  of  the  surfaces 
between  which  it  is  interposed. 

Mr.  G.  Rennie  found,  from  a  mean  of  experiments  with  dif- 
ferent unguents  on  axles  in  motion,  and  under  different  pres- 
sures, that  with  the  unguent  tallow,  under  a  pressure  of  from 
1  to  5  cwt.,  the  friction  did  not  exceed  ^th  of  the  whole  pres- 
sure ;  when  soft  soap  was  applied  it  became  aith;  and  with  the 
softer  unguents  applied,  such  as  oil,  hog's  lard,  &c,  the  ratio  of 
the  friction  to  the  pressure  increased ;  but  with  the  harder  un- 
guents, as  soft  soap,  tallow,  and  anti-attrition  composition,  the 
friction  considerably  diminished  :  consequently,  to  secure  effec- 
tive lubrication,  the  nature  of  the  unguent  must  be  accom- 
modated to  the  pressure  or  weight  tending  to  force  the  surfaces 
together. 
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Table  op  Coefficients  of  Friction  cnder  Pressi-res  increased 
continually  cp  to  limits  op  abrasion.   by  mr.  g.  rennie. 


PreMorc*  per  square 

lack 

Wrought  Iron  upon 

«  niu^ni  iruu 

Wrought  Iron 

UjH-'Il  I  OB  i.  Ijl'll 

Stc*l  upon  Ctt 

AJ  vu 

Brtaa  upon  Cmet 
Iron 

32  5  lbs. 

•140 

174 

166 

157 

1-66  cwts. 

•250 

♦275 

•300 

•225 

2-00  „ 

•271 

•292 

•333 

•219 

2*33  „ 

•285 

•321 

•340 

•214 

2-66  „ 

•297 

•329 

•344 

•211 

3-00  „ 

•312 

•333 

•347 

•215 

3*33  ft 

•350 

•351 

•351 

•206 

3-66  „ 

•376 

•353 

•353 

•205 

4-00 

•395 

•365 

•354 

•208 

433  „ 

•403 

•366 

•356 

•221 

466  „ 

•409 

•366 

•357 

•223 

6-00  „ 

•367 

•358 

•233 

6-33  „ 

•367 

•359 

•234 

6-66  „ 

•367 

•367 

•235 

600  „ 

•376 

•403 

•233 

6-33  „ 

•434 

•234 

6-66  „ 

•235 

700  „ 

•232 

733  „ 

•273 

From  a  paper  lately  read  at  the  Institution  of  Civil  En- 
gineers in  London,  on  the  comparative  friction  of  steam  engines 
of  different  modifications,  it  appears  that,  as  respects  the  fric- 
tion caused  by  the  strain,  if  the  beam  engine  be  taken  as  the 
standard  of  comparison, 

The  vibrating  engine    .       .    has  a  gain  of  1-1  per  cent. 

The  direct  engine  with  slides  „  loss  of  1*8  „ 
Ditto  with  rollers  .  .  „  gain  of  0-8  „ 
Ditto     with  a  parallel  motion  „  gain  of  1*3      „  ' 

It  also  states,  as  an  opinion,  that  excessive  allowance  for 
friction  has  hitherto  been  made  in  calculating  the  effective 
power  of  engines  in  general ;  as  it  is  found  practically  by  ex- 
periments with  the  engines  at  the  Blackwall  Railway,  and  also 
with  other  engines,  that  where  the  pressure  upon  the  piston  is 
about  12  lbs.  per  square  inch,  the  friction  does  not  amount  to  more 
than  lbs. ;  and  also  that  by  experiments  with  an  indicator  on 
an  engine  of  50-horse  power,  at  Truman,  Hanbury,  &  Co.'s 
brewery,  the  whole  amount  of  friction  did  not  exceed  5-horse 
power,  or  -^th  of  the  whole  power  of  the  engine. 


Digitized  by  Google 


ON  THE  STRENGTH  AND  PROPORTIONS  OF  SHAFTS.  359 


7.  Lubrication. 

On  this  question  it  is  necessary  to  observe  that  the  dura- 
bility of  shafts,  and  their  easy  working,  depends  on  the  way  in 
which  they  are  lubricated,  and  the  description  of  unguent  used 
for  that  purpose.  We  have  already  seen  the  difference  which 
exists  in  the  coefficient  of  friction  from  the  use  of  different  kinds 
of  unguents,  and  we  have  now  to  consider  what  system  of  lubri- 
cation should  be  adopted  to  lessen  the  friction  and  maintain 
smooth  surfaces  on  the  journals  of  shafts.  In  large  cotton  mills 
I  have  known  as  much  as  10  to  15-horse  power  absorbed  by  a 
change  in  the  quality  of  the  oil  used  for  lubrication ;  and 
in  cold  weather,  or  when  the  temperature  of  the  mill  is  much 
reduced  (as  is  generally  the  case  when  standing  over  Sunday), 
the  power  required  on  a  Monday  morning  is  invariably  greater 
than  at  any  other  time  during  the  week. 

It  is,  therefore,  necessary  in  most  mills — particularly  those 
employed  in  textile  manufacture — to  retain  a  uniform  temper- 
ature, and  to  employ  the  best  quality  of  oil  for  lubricating  the 
machinery,  as  well  as  the  shafts  of  the  mill. 

The  best  lubricators  are  pure  sperm  and  olive  oils ;  they 
should  be  clean  and  limpid,  and  sparingly  applied,  as  it  is  a 
profligate  waste  of  valuable  material  to  pour,  as  is  not  unfre- 
quently  done,  large  quantities  of  oil  on  the  bearings,  nine-tenths 
of  which  run  on  to  the  floor,  and  cover  the  shafts  and  hangers 
with  a  coat  of  glutinous  matter,  that  soon  hardens,  and  accuinu-. 
lates  nothing  but  filth. 

This  process  of  oiling  shafts  is  generally  left  to  the  most 
negligent  and  most  untidy  person  in  the  establishment;  and 
the  result  is,  that  every  opening  for  the  oil  to  get  to  the  bear- 
ings is  plugged  up,  the  brass  steps  are  cut  by  abrasion,  and  the 
necks  or  journals  of  the  shafts  destroyed.  In  the  best-regulated 
establishments  this  is  certainly  not  the  case,  as  the  greatest 
possible  care  is  observed  in  selecting  the  best  kinds  of  oil,  and 
that  used  with  attention  to  cleanliness  and  strict  economy  in 
its  application. 

To  save  power  and  effect  economy  in  the  use  of  lubricants, 
several  schemes  have  been  adopted  for  attaining  a  continuous 
system  of  lubrication.  None  of  them  appears  to  answer  so  well 
as  that  which  consists  of  a  small  cistern  a  (fig.  207),  which 
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contains  a  quantity  of  oil,  and  is  fixed  on  the  top  of  the  plum- 
mer  block.    In  the  centre  of  the  cistern  is  a  tube,  which  stands 

a  little  above  the  level  of  the  oil ;  and 
Fig.  207.      .       into  this  is  inserted  a  woollen  thread, 

with  its  end  descending  a  9hort  distance 
below  the  surface  of  the  oil  in  the 
cistern ;  and,  when  properly  saturated, 
the  oil  rises  by  capillary  attraction, 
and  flows  gently,  in  very  minute  quan- 
tities, on  to  the  neck  of  the  shaft.  From  this  description  it  will 
be  seen  that  the  quantity  used  can  be  regulated  to  the  greatest 
nicety,  and  sufficient  to  lubricate  the  bearings  without  waste. 
Other  plans  have  been  devised  for  the  same  object,  but  none  of 
them  seems  to  answer  so  well  as  that  just  described. 
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CHAPTER  III. 

ON  COUPLINGS  FOE  SHAFTS  AND  ENGAGING  AND  DISENGAGING 

GEAE. 

In  every  description  of  mill  where  the  machinery  is  spread  over 
a  large  area,  and  at  a  distance  from  the  moving  power,  it  is 
necessary  to  have  long  lines  of  shafting,  revolving  at  the  re- 
quired velocity.  Such  lines  are  seldom  made  in  one  piece; 
short  lengths  must,  therefore,  be  coupled  together,  so  as  to 
form  an  unbroken  line,  extending,  in  most  cases,  the  whole 
length  of  the  mill. 

When  cast-iron  shafts  were  substituted  for  wood,  a  square 
coupling  box,  made  in  one  piece,  was  generally  used,  so  as  to 


Fig.  208. 


slide  over  the  two  ends  of  the  shafts,  or  in  two  pieces,  bolted 
together,  as  shown  in  figs.  208  and  209. 

In  the  former  case  the  box  was  slipped  on  loose,  and  the 
adjustment  was  so  imperfect  that  the  shafts  rose  and  fell  in 


Fig.  209. 


the  box  at  every  revolution,  destroying  gradually  any  accuracy 
of  fitting  which,  in  the  first  instance,  had  been  attained. 

After  the  square-box  coupling  came  the  claw,  or  two-pronged 
coupling,  made  in  two  parts,  wedged,  but  more  frequently  keyed 
on  to  the  ends  of  the  shafts,  as  shown  in  fig.  210.  This  was  a 
great  improvement,  as  the  leverage  of  the  bearing  parts  was 
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greatly  increased,  and  the  coupling,  in  consequence,  became 
more  durable. 

Fig.  210. 


A  description  of  half-lap  coupling  was  introduced  by  the  late 
Mr.  Hewes.  It  was  formed  by  the  lapping  over  a  part  of  the 
end  of  each  shaft,  which  was  cast  square.  A  square  box  was 
also  fitted  over  the  two  ends,  so  as  to  bind  them  together,  and 


Fig.  211. 


I      |^  J 


three  keys  were  inserted  on  the  top  side,  as  shown  in  fig.  211. 
The  objections  to  this  coupling  were  the  difficulty  of  fitting, 
and  the  loosening  of  the  keys,  which  made  a  creaking  noise 
with  every  revolution  of  the  shaft. 

Another  coupling,  still  in  use,  is  the  disc.  It  consists  of 
two  discs  or  flanges,  one  on  the  end  of  each  shaft,  bolted  to- 

Fig.  212. 


_  J 

4 


gether  by  four  bolts,  as  shown  in  fig.  212.  This  coupling  was 
superior  to  all  the  preceding,  when  properly  bored  and  turned, 
so  as  to  have  its  faces  accurately  perpendicular  to  the  shafting. 

The  best  coupling  for  general  purposes  and  the  most  accu- 
rate and  durable,  is  the  circular  half-lap  coupling,  introduced 
into  my  own  works  nearly  forty  years  ago.    It  is  perfectly 
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round,  and  consists  of  two  laps,  turned  to  a  gauge,  and,  when 
put  together  by  a  cutting  machine,  it  forms  a  complete  cylinder, 
as  shown  in  fig.  213.   A  cylindrical  box  is  fitted  over  these,  and 

Fig.  213. 


5 

fixed  by  a  key,  grooved  half  into  the  box  and  half  into  the 
shaft.  The  whole  is  then  turned  in  the  lathe  to  the  same 
centres  as  the  bearings  of  the  shaft,  and  by  this  process  a 
degree  of  accuracy  is  attained  which  cannot  be  surpassed,  nor 
is  any  other  coupling  so  neat  and  so  well  adapted  for  the  trans- 
mission of  power. 

The  proportions  of  this  coupling  are  found  by  experiment 
to  be — 

Twice  the  area  of  the  shaft  is  the  area  of  the  coupling. 
The  length  of  the  lap  is  the  diameter  of  the  shaft. 
And  the  length  of  the  box  is  twice  the  diameter  of  the 
shaft. 

These  proportions  have  been  found  in  practice  to  answer 
every  purpose,  both  as  regards  strength  and  the  wear  and  tear 
of  the  joints. 

There  is  another  coupling  which  has  come  of  late  jears  ex- 
Fit,-.  814. 


tensively  into  use,  namely,  the  cylindrical  coupling,  with  butt 
ends.    It  has  the  same  proportions  as  the  former,  but  not  so 
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strong  nor  so  durable  as  the  half-lap  coupling  of  the  same 
dimensions,  as  the  entire  force  of  torsion  is  transmitted  through 
the  key ;  but  in  cases  where  strength  is  not  the  chief  object,  it 
forms  a  cheap  and  effective  coupling. 

8.  Disengaging  and  re-engaging  Gear. 

This  is  an  important  branch  of  mill- work,  requiring  careful 
consideration  and  the  utmost  exactitude  of  construction  when 
ponderous  machinery  has  to  be  started,  without  endangering 
the  shafts  and  wheels.  This  is  most  strikingly  exemplified  in 
the  case  of  powder  mills,  where  trains  of  edge  stones  are 
employed  for  grinding  the  gunpowder,  and  in  rolling  and 
callendering  machinery,  which  requires  well-fitted  friction 
clutches  to  communicate  the  motion  by  a  slow  and  progressive 
acceleration  from  a  state  of  rest  to  the  required  velocity. 

It  used  to  be  customary  in  cotton  and  silk  mills  to  place 
disengaging  clutches  at  the  point  of  connection  of  the  upright 
or  driving  shaft  and  the  main  shafting  of  each  room,  so  that, 
in  case  of  accident,  a  room  full  of  machinery  could  be  thrown 
out  of  gear  at  once.  But  these  provisions  were  found  unsteady 
in  practice,  and  rather  tended  to  increase  than  to  diminish  the 
number  of  accidents,  owing  chiefly  to  the  time  lost  in  dis- 
engaging, and  the  breakages  which  occurred  in  attempting  to 
place  the  machinery  in  gear  again,  when  the  engine  was  run- 
ning at  full  speed.  It  has,  consequently,  been  found  safer  to 
have  a  permanent  connection  between  the  main  lines  of  shaft- 
ing throughout  the  mill,  and  signals  from  each  room  into  the 
engine  house,  in  case  of  accident. 

When  the  construction  of  mill  gearing  was  less  perfect 
than  it  is  at  present,  the  main  shaft  driving  the  machinery  in 
a  room  was  thrown  out  of  gear  by  a  lever,  which  contained  the 
steps,  and  supported  the  end  of  the  horizontal  shaft  and  wheel, 
which  geared  into  that  on  the  upright  shaft,  as  shown  in 
fig.  215,  with  a  rope  at  the  end  of  the  lever  a  to  pull  it  out  of 
gear.  This  mode  of  disengaging  wheels  was  very  ineffective, 
as  in  many  mills  there  are  three  bevel  wheels  gearing  into  that 
on  the  upright  6,  and  it  becomes  complicated  and  dangerous 
to  have  movable  levers  to  each.  To  remedy  these  defects, 
standards  or  plummer  blocks,  with  a  movable  slide  e  (fig.  216) 
in  which  the  end  of  the  shaft  revolved,  was  introduced.    To  the 
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top  of  this  slide  was  attached  a  lever  a,  with  a  handle  6,  by 
which  it  could  be  drawn  out  of  gear;  and  the  link  c,  falling 


Fig.  215. 


& 


along  with  the  lever,  retained  the  shaft  out  of  gear  until  the 
mill  was  stopped. 

Fig.  216. 
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All  these  contrivances  were,  however,  found  inoperative  on 
a  large  scale,  as  the  shafts  and  wheels  got  ont  of  order ;  and  it 
was  ultimately  found  essentially  necessary  to  make  them  sta- 
tionary, by  screwing  the  plummer  block  down  to  the  frame 
which  connects  the  shafts  and  wheels. 

Several  devices  have  been  employed  for  the  purpose  of  rapidly 
engaging  and  disengaging  machines  from  the  driving  shaft.  The 

best  of  all  are  the  fast  and 
FiS-217'  loose  pulleys,  with  a  tra- 

velling strap.  Thus,  in 
fig.  217,  a  is  the  driving 
shaft,  acting  upon  two  pul- 
leys e  and  d,  fixed  on  the 
driving  spindle  of  the  ma- 
chine b ;  one  of  them,  d,  is 
keyed  fast,  and  the  other 
runs  loose.  When  the  ma- 
chine is  at  work  the  strap 
is  on  the  fast  pulley  d ;  and 
when  it  is  necessary  to 
stop,  it  is  moved  by  a 
forked  lever  on  to  the 
loose  pulley  e,  which  re- 
volves with  the  strap  with- 
out acting  on  the  machine. 
The  machine  is  thrown  into  gear  with  equal  ease  by  moving  the 
strap  on  to  the  fast  pulley  d.  Once  on  either  of  the  pulleys, 
the  strap  is  held  in  position  without  any  danger  of  moving  by 
the  slight  curvature  of  the  pulley,  as  already  explained.  The 
forked  lever  must  act  on  that  side  of  the  strap  which  runs 
towards  the  pulleys,  and  not  on  that  which  leaves  them. 

A  second  and  equally  effective  process  for  starting  or  stop- 
ping machinery  is  shown  in  fig.  218.  A  leather  strap  is  hung 
loosely  over  the  driving  and  driven  pulleys  a  and  6,  so  that,  left 
to  itself,  the  friction  is  not  sufficient  to  communicate  motion  to 
the  pulley  on  the  shaft  b ;  but  a  tightening  pulley  fixed  on  a 
suitable  lever  e  is  forced  against  it  by  pulling  the  rope  c,  which 
bends  the  strap  tightly  upon  the  pulley  b,  and  gives  motion  to 
the  machine.  This  arrangement  is  in  general  use  for  sack 
teagles  in  corn  mills,  and  for  some  other  purposes.  The  same 
effect  is  sometimes  produced  by  the  sack  teagles  being  fixed  on 
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the  lever,  and,  by  raising  one  end,  the  strap  is  tightened,  and 
the  barrel  which  raises  the  load  is  caused  to  revolve. 


Fig.  218. 


The  clutch  most  in  use  for  throwing  into  gear  heavy  callen- 
dering  machines  is  a  clip  friction  hoop,  which  consists  of  a 

Fig.  219. 


sliding  box  a,  with  two  projecting  horns  on  the  driving  shaft  b. 
These  horns,  when  slid  forward  by  a  lever  g,  working  in  the 
groove  c,  come  in  contact  with  the  friction  hoop  dr  which  em- 
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braces  a  groove  in  a  second  box,  keyed  upon  the  shaft  of  the 
machine.  The  instant  the  machine  receives  the  shock  of 
engagement,  the  clip  d  slides  in  its  groove,  until  the  friction 
overcomes  the  resistance,  and  the  callender  attains  the  speed  of 
the  driving  shaft.  The  object  of  the  friction  clip  is  to  reduce 
the  shock  of  throwing  the  clutch  suddenly  into  gear,  as  with- 
out this  precaution  any  attempt  to  move  instantaneously  a 
powerful  machine  from  a  state  of  rest  to  a  state  of  motion 
would  break  it  in  pieces. 

Friction  cones  are  also  much  used  for  this  purpose,  and, 
when  carefully  executed  with  the  proper  angle,  are  safer  than 
the  clutch  just  described.    The  objection  to  the  friction  clutch 


Fig.  220. 

6 


is,  that  the  whole  driving  power  is  thrown  on  the  clip  at  once ; 
whereas,  with  the  cones,  the  parts  can  be  brought  into  contact 
with  the  greatest  nicety,  and  the  friction  regularly  increased  to 
any  degree  of  pressure.  Fig.  220  shows  this  description  of  dis- 
engaging gear :  a  is  the  male  sliding  cone,  worked  by  a  lever  in 
the  usual  way ;  b  the  female  cone,  keyed  on  the  driven  shaft ; 
and  the  two  surfaces,  when  brought  into  contact,  communicate 
the  required  motion  with  perfect  safety. 

Machines  driven  by  friction,  and  requiring  to  be  frequently 
stopped,  are  very  numerous.  Some  of  the  lighter  description 
are  driven  by  a  vertical  shaft  b  (fig.  221),  supporting  a  horizontal 
disc,  which  communicates  motion  to  the  wheel  a,  rolling  on  its 
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surface,  and  gives  the  necessary  motion  to  the  machine.  The 
advantage  of  this  friction  wheel  is,  that  the  velocity  of  the 
machine  may  be  increased  or  dimi- 
nished at  pleasure  by  moving  the  Eip.  221. 
wheel  a  nearer  to  or  farther  from 
the  edge  of  the  disc. 

Fig.  222  is  another  combination 
of  discs  suitable  for  couplings  with 
only  one  bearing.  The  disc  b  is 
keyed  on  one  shaft,  and  is  recessed 
on  the  face,  to  receive  the  smaller 
disc  c ;  this  disc  is  sunk  flush  with  the  face  of  the  other,  and 
is  screwed  tightly  up  to  it  by  means  of  the  ring  a,  which  is 

Fig.  222. 


bolted  to  the  disc  b,  and  secures  that  marked  c.  Between  the 
three  plates,  a,  6,  and  c,  annular  pieces  of  leather  are  interposed, 
which  bring  them  all  to  a  proper  bearing. 

This  combination,  termed  a  friction  coupling,  is  useful  for 
preventing  breakage  of  the  connections  in  case  of  a  sudden 
stoppage  or  reversal  of  the  motion.  It  is  plain  that  the  holding 
power  of  the  coupling  depends  simply  upon  the  tightness  with 
which  the  discs  are  screwed  together,  and  the  consequent  fric- 
tional  force  of  the  surfaces  of  leather  and  metal. 

Besides  these  more  permanent  forms  of  couplings,  there  are 
other  contrivances  adopted  when  the  object  to  be  attained  is 
the  engagement  and  disengagement  of  certain  parts  of  the 
machinery  or  gearing  during  the  course  of  operations. 

B  B 
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With  tbe  same  view  of  admitting  of  this  disengagement  of 
the  connection,  in  cases  of  sudden  stoppage  or  reversal,  the 
coupling  (fig.  223)  is  sometimes  employed. 

In  this  instance,  the  shaft  is  supposed  to  be  continuous,  and 
the  coupling  may  be  termed  a  disengaging  coupling,  a  and  b 
are  the  two  parts  of  the  coupling,  formed  on  the  acting  faces 
into  alternate  projections  and  recesses,  such  that  they  corre- 
spond with  and  exactly  fit  into  each  other  when  in  gear.  The 
part  a  is,  in  this  example,  cast  on  a  spur  or  bevel  wheel,  from  which 
the  motion  of  the  shaft  is  supposed  to  be  taken  off.  Both  of  the 
parts  a  and  b  are,  to  a  certain  extent,  loose  on  the  shaft ;  the 


Fig.  223. 


former  being  capable  of  moving  round  on  it,  though  deprived 
of  longitudinal  motion  by  washers  and  a  collar,  marked  c,  and 
the  latter  being  free  to  slide  on  the  shaft,  though  prevented 
from  turning  on  it  by  a  sunk  key,  which  slides  in  a  slot  inside 
the  clutch  or  sliding  piece  6.  The  mechanism  is  put  into  gear 
by  means  of  the  lever  d,  which  terminates  in  a  fork  with  cylin- 
drical extremities  c ;  and  it  is  obvious  that,  by  the  contact  of  the 
flat  faces  of  a  and  b,  the  latter  will  immediately  carry  with  it 
the  other  part  at  the  same  speed  as  the  shaft.  Supposing,  now, 
that  the  motion  of  the  wheel  a  is  suddenly  accelerated,  the 
oblique  faces  of  the  couplings  immediately  fall  out  of  contact, 
and  slide  free  of  each  other,  leaving  the  couplings  clear,  and  the 
shaft  free  to  continue  in  motion. 
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In  the  old  form  of  this  contrivance,  known  as  the  sliding 
bayonet  clutch,  the  part  6,  instead  of  the  tooth-like  projections 
on  the  face,  had  two  or  more  prongs  which  laid  hold  of  corre- 
sponding snugs  cast  on  the  face  of  the  part  a,  which,  moreover, 
m  was  usually  a  broad  belt  pulley,  introduced  with  a  view  to  modify 
the  shock  on  the  gearing  on  throwing  the  clutch  into  action. 

In  an  older  form  still,  the  pulley  was  made  to  slide  end  long 
on  the  shaft.  A  form  analogous  to  this  was  known  as  the  *  lock 
pulley,'  a  few  specimens  of  which  still  remain  in  the  older 
factories.  Instead  of  the  end-long  motion  common  to  the  other 
modes,  the  parts  were  1  locked '  together  by  a  bolt  fixed  upon 
the  side  of  the  pulley,  and  which,  when  shifted  towards  the  axis, 
engaged  with  an  arm  of  a  cross,  of  which  the  part  6,  in  the 
preceding  figure,  is  the  modern  representative.  The  bolt  was 
wrought  by  means  of  a  key  and  stop,  the  turning  of  the  key 
throwing  back  the  bolt,  and  thereby  unlocking  and  disengaging 
the  pulley.  The  form  of  coupling  represented  by  fig.  223  is 
particularly  applicable  when  the  impelling  power  is  derived 
from  two  sources — a  circumstance  which  frequently  occurs  in 
localities  affording  water  power  to  some  extent,  and  yet  not  in 
sufficient  abundance  for  the  demands  of  the  work.  The  defi- 
ciency is  usually  supplied  by  a  steam  engine;  and  the  two 
powers  are  concentrated  in  the  main  line  of  shafting  by  a 
coupling  of  the  kind  depicted.  In  cases  of  this  kind,  the  speed 
of  the  shafting  being  fixed,  and  the  supply  of  water  inconstant, 
the  power  of  the  water  wheel  ought  to  be  thrown  upon  the  wheel 
a  a,  and  that  of  the  engine  upon  the  shaft  at  another  point. 
By  this  arrangement,  the  speed  of  the  line  can  be  exactly  regu- 
lated by  working  the  engine  to  a  greater  or  less  power,  accord- 
ing to  the  supply  of  water.  The  proper  speed  of  the  water 
wheel  will  likewise  be  maintained,  which  is  of  importance  in 
economising  the  water  power. 

*  The  same  form  of  coupling  is  also  used  occasionally  for  en- 
gaging and  disengaging  portions  of  the  machinery.  But  for 
this  purpose  the  object  is  to  obtain  a  mode  of  connection  by 
which  the  motion  may  be  commenced  without  shock ;  for,  in 
consequence  of  the  inertia  of  all  material  things — that  is,  the 
tendency  which  every  portion  of  matter  has,  when  at  rest,  to 
remain  at  rest,  and  when  in  motion,  to  continue  to  move— the 
parts  of  the  mechanism,  when  acted  upon  too  suddenly  by  a 
moving  power,  are  liable  to  fracture  and  disarrangement.  It  is 
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a  law  in  mechanics  that  when  a  body  is  struck  by  another  in 
motion  some  time  elapses  before  it  is  diffused  from  the  point 
struck  through  the  other  parts ;  consequently,  if  the  parts 
receiving  the  blow  have  not  sufficient  elasticity  and  cohesive 
force  to  absorb  the  whole  momentum  of  the  striking  body  till 
the  motion  be  transmitted  to  the  centre  of  rotation,  fracture  of 
the  body  struck  must  necessarily  ensue.  Hence,  in  a  system  of 
mechanism,  any  parts  intended  to  be  acted  upon  suddenly  by 
others  in  full  motion  ought  not  only  to  be  strong,  but  they 
ought  to  be  capable  of  yielding  on  the  first  impulse  of  the  im- 
pelling force  with  as  little  resistance  as  possible,  and  gradually 
bring  the  whole  weight  into  motion.  The  common  mode  of 
driving  by  belts  and  pulleys  accomplishes  this  object  very  satis- 
factorily. In  this  the  elasticity  of  the  belt  comes  into  action ; 
and,  being  thrown  upon  the  pulley  by  the  strap  guide  or  fork, 
it  continues  to  slip,  till,  by  the  friction  between  the  sliding  sur- 
faces, the  belt  gradually  brings  the  quiescent  pulley  into  full 
motion.  This  mode  of  connection  is  unexceptional  when  the 
power  to  be  transferred  is  not  great ;  but  its  application  to  large 
machinery  is  attended  with  inconvenience.'* 

In  figs.  224,  225,  two  other  forms  of  clutches  are  shown,  as 
often  used  to  connect  the  shafting  ot  different  parts  of  the 

Pig,  224. 


same  mill,  where  it  is  not  necessary  to  throw  into  or  out  of  gear 
when  running  at  full  speed.    They  consist  of  a  fixed  and  sliding 

Kip.  225. 


box,  one  on  each  shaft,  with  teeth  or  projections  which  fit  in 
corresponding  notches.    The  sliding  box  has  a  groove  turned 

•  Extract  from  Engineers'  and  Machinists'  Assistant,  p.  144. 
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in  it,  in  which  a  forked  lever  works,  as  at  a  (fig.  224)  and  at 
a  (fig.  225),  by  which  it  is  drawn  backwards  or  forwards  as  the 
case  may  be.  The  peculiarity  of 
the  clutch  (fig.  225)  is  that  of 
the  driving  shaft,  which,  reversed 
by  any  accident  in  its  motion,  as 
is  not  unfrequently  the  case  in 
starting  and  stopping  the  steam 
engine,  the  sliding  clutch  is 
forced  back  by  the  wedge-shaped 
faces  of  the  projections,  and  the 
machinery  thrown  out  of  gear. 
Fig.  226  shows  one  of  these 
clutches  on  a  small  scale,  fixed  on 
a  line  of  shafting  beneath  the  _ 
floor  of  a  mill.  It  is  placed  be- 
tween two  standards  a  a,  support- 
ing the  ends  of  the  shaft ;  and  the 

lever  b  working  on  a  pivot  at  bottom,  and  having  a  pin  working 
in  the  groove  of  the  sliding  clutch  box,  serves  for  throwing  the 
driven  shaft  into  or  out  of  gear  whenever  it  may  be  necessary. 


Fig.  'ill. 


Another  ingenious  contrivance,  I  believe  invented  by  Mr. 
Bodmer,  is  shown  in  tigs.  227  and  228.    It  consists  of  a  box 
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a  a  runniug  loosely  on  the  driving  shaft  8  «,  but  carrying  the 
bevel  wheel  6  6,  which  gears  into  another  wheel  on  the  driven 
shaft,  not  shown  in  the  figures.  Tightly  keyed  on  the  driving 
shaft  8  8  is  a  boss  c  c,  with  two  trunnions,  on  which  slide  two 
friction  sectors  k  k ;  the  outer  surface  is  coated  with  a  copper 
plate,  accurately  fitting  the  interior  surface  of  the  running  box 
a  a.  The  boss  c  c  carries  also  four  projections  eeee,  which 
serve  as  guides  for  four  screws,  alternately  left  and  right  handed, 
and  attached  to  the  nuts// and  levers  g  g ;  these  screws  acton 


Fig.  228. 
r-v. — a-  * 


the  extremities  of  the  friction  slides  A",  so  that  when  the  levers 
g  g  are  drawn  back  they  are  both  with  equal  pressure  forced 
upon  the  inner  surface  of  the  box  a  a.  As  the  pressure  can  be 
very  regularly  and  gradually  brought  on  this  box  through  the 
levers  and  screws,  the  motion  of  the  driving  shaft  8  8  is  com- 
municated with  perfect  regularity,  and  without  shock,  to  the 
bevel  wheel  b  b. 

In  the  above  description  I  have  given  such  examples  of  en- 
gaging and  disengaging  gear  as  are  most  commonly  in  use. 
Others  of  a  more  complicated  character  might  be  cited,  but 
they  are  not  to  be  recommended  as  applicable  in  general  practice. 
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The  last  form  (figs.  227  and  228)  is,  however,  specially  noticed 
as  suitable  for  gunpowder  mills,  where  the  greatest  possible 
freedom  from  shocks  is  essentially  necessary. 


9.  Hangers,  Plummer  Blocks,  &c.,for  carrying  Shafting. 


Fig.  229. 


Shafting  is  supported  in  three  ways — viz.  on  foundation 
stones  in  the  floor,  beneath  beams  suspended  from  the  ceiling, 
and  to  the  walls  of  the  mill.  This 
necessitates  as  many  different 
forms  of  framework,  known  as 
hangers,  plummer  blocks,  stand- 
ards, &c. 

The  simplest  mode  of  support- 
ing a  range  of  light  shafting  is 
from  the  floor,  and  a  pedestal  suit- 
able for  this  purpose  is  shown  in 
fig.  229.  It  consists  of  a  cast-iron 
base  plate  and  column,  with  deep 
wings  a  a  cast  on  to  strengthen  it 
free  from  vibration.  The  upper 
portion  is  hollowed  out  to  receive 
the  lower  brass  step,  and  the  cap 
carrying  the  upper  step.  When 
the  entire  pressure  of  the  shafting 

is  downwards  the  upper  brass  bush  is  omitted,  and  the  cap  is  cast 
hollow  and  kept  full  of  grease,  so  as  to  secure  the  most  perfect 
lubrication  of  the  journal  of  the  shaft. 

Fig.  230  shows  a  pedestal  for  bolting  to  a  wall,  the  chief 
difference  being  that  the  cap  is  now  fixed  on  its  inner  side  by  a 
wedge  or  cotter  c.  In  this  figure  a  shell  cap  a  is  shown.  If 
the  pull  is  upwards,  and  two  brasses  be  required,  *  lugs  '  have  to 
be  added  to  the  extremity  of  the  pedestal  and  cap  for  bolting 
the  two  together. 

There  are  various  ways  of  suspending  ranges  of  shafting 
from  the  ceiling,  according  to  the  means  which  exist  for  their 
attachment.  If  wooden  beams,  as  8,  are  present,  the  hanger 
has  a  large  plate  a,  which  bolts  to  the  side  of  the  beam,  as 
shown  in  figs.  231,  232.  The  caps  are  fixed  by  a  cotter,  as  in 
the  previous  case. 


Pii'1'.iniiuwrniOi.v-.,. 
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Figs.  238,  234  show  a  front  and  side  elevation  of  another 
form  of  hanger  for  attachment  to  wooden  beams.    In  this  case 


Ki?.  230. 


there  is  provision  for  a  second  line  of  shafting,  at  right  angles 
to,  and  receiving  motion  from,  the  primary  line.    For  this 


Fig.  231. 


Fig.  232. 
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purpose  a  small  pluinnier  block  is  bolted  on  to  a  recess  at  the 
side  of  the  hanger.    The  thrust,  owing  to  the  pair  of  bevel  wheels 


Fig.  233.  Fig.  234. 


which  would  be  placed  near  this  hanger,  is  no  longer  simply  ver- 
tical, and  hence  two  brass  steps  are  placed  for  the  journal  of  the 

Pig,  236. 


principal  shaft,  with  a  bolt  at  d  (fig.  233),  in  addition  to  the 
cotter,  to  keep  the  cap  in  its  place. 
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Fig.  285  shows  another  form  of  light  hanger  sometimes  em- 
ployed in  weaving  sheds,  and  also  in  use  for  supporting  shafts 
in  fire-proof  mills,  being  bolted  up  to  the  under  side  of  the  cast- 
iron  beams,  as  shown  at  fig.  237. 

Pig.  237. 


Floor 


Where  greater  strength  and  firmness  are  required,  especially 
in  long  hangers  in  which  there  is  considerable  leverage,  the 
arrangement  shown  in  figs.  23G,  237  is  adopted  ;  the  hanger  in 
this  case  is  bolted  to  a  cast-iron  beam,  and  by  an  extension  of 
the  flange  plate  to  the  brick  arch,  which  springs  from  the 
beam  t,  it  is  firmly  secured  to  both  beam  and  floor.  At  e  is  a 
screw  for  tightening  the  upper  brass  step  on  the  shaft. 

More  complicated  arrangements  are  sometimes  necessary 
where  two  or  three  ranges  of  shafting  have  to  be  brought  in 
connection  with  each  other  by  means  of  bevel  or  mitre  wheels. 
Figs.  238  and  239  show  a  front  and  side  elevation  of  this 
arrangement,  which  may  serve  as  a  type  for  others.  The 
hanger  is  attached  to  a  cast-iron  beam  a,  by  hooked  bolts 
with  nuts  beneath  the  top  plate,  as  shown  at  a  a,  care  being 
taken  in  this  attachment  not  to  weaken  the  flange  o  f  the  iron  beam 
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by  boring  holes  in  it.  Double  brass  steps  are  necessary  in  this 
case  for  the  main  line  of  shafting,  and  also  for  two  smaller 

Fig.  L>:t$. 
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ranges  at  right  angles  to  it,  which  revolve  in  opposite  directions, 
as  shown  at  fig.  239. 

A  very  frequent  case  in  practice  is  the  connection  of  two 
ranges  of  shafting,  at  right  angles  to  each  other,  at  the  corner 
of  a  room.  This  is  effected  by  letting  into  the  corner  of  the 
building  a  cast-iron  frame,  commonly  known  as  a  wall  box, 


Kit.-.  210. 


which  serves  as  a  foundation  for  the  phunnier  blocks  carrying 
the  shafting.    Such  an  arrangement  is  shown  in  fig.  240  in 

Ki/.lMl.  (I'bn.) 
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elevation,  and  in  fig.  241  in  plan.  The  box  w  w  w  ib  built  into 
the  wall,  and  bolted  both  to  it  and  to  the  cast-iron  beam  b.  It 
carries  two  plummer  blocks  on  a  plate  firmly  supported  by 
brackets.  The  wall  pieces  in  these  two  figures  are  similar,  but 
with  a  slightly  different  arrangement  of  the  plummer  blocks. 

Irrespective  of  the  various  forms  of  engaging  and  disengaging 
apparatus,  it  will  be  necessary  to  consider  the  position,  form, 
and  proportions  of  the  wheels  and  shafting  required  in  mills 
where  the  power  is  divided  and  widely  distributed.  To  show 
the  enormous  extent  to  which  the  concentration  of  machinery 
in  one  building  has  been  carried,  I  may  mention  that  in  mills 
of  my  own  construction  there  have  been  on  the  average  not  less 
than  450  wheels  and  7,000  feet  of  shafting  in  motion.  In  the 
large  mills  at  Saltaire  there  are  upwards  of  600  wheels  and 
10,000  feet,  or  two  miles,  of  shafting  distributed  over  an  area  of 
flooring  equivalent  to  12  acres.  In  corn  mills  and  iron  works, 
where  the  machinery  is  more  closely  connected  with  the  prime- 
mover,  these  considerations  are  of  less  importance;  but  in 
factories  for  the  manufacture  of  textile  fabrics  the  machinery 
covers  a  great  extent  of  surface,  and  the  greatest  care  is  ne- 
cessary in  giving  due  proportion  to  the  transmissive  machinery, 
in  order  to  secure  uniformity  of  motion  at  the  remotest  parts  of 
the  mill. 

In  gearing  a  mill,  the  first  consideration  is  the  power  of  the 
engines,  the  position  of  the  machinery  to  be  driven,  and  the 
strength,  diameter,  &c,  of  the  first-motion  shaft,  and  other 
requisites  for  the  transmission  of  motion  in  a  well-geared  mill. 
It  is  upwards  of  twenty  years  since  the  fly  wheel  was  converted 
into  a  first  motion,  and  a  new  system  of  transmitting  the  power 
of  the  steam  engines  to  the  machinery  of  the  mill  introduced. 
Previous  to  that  time  it  was  effected  by  large  spur  wheels 
inside  the  mill ;  now  it  is  taken  direct  from  the  circumference 
of  the  fly  wheel.*  The  advantage  of  this  system  was  the 
abolishing  of  the  cumbrous  first-motion  gearing ;  and  the  re- 
quisite velocity  being  already  present  in  the  fly  wheel,  it  was 
only  necessary  to  cast  it  with  teeth,  and  to  take  off  the  power 
by  a  suitable  pinion  at  the  level  most  convenient  for  the  pur- 
poses of  the  mill. 

In  another  place  1  have  given  general  rules  for  the  pitch, 
breadth,  and  strength  of  the  teeth  of  wheels.     The  table 

*  Compare  ante,  p  2U. 
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below,  computed  from  examples  which  have  occurred  in  my 
own  practice,  exhibits  the  best  proportions  of  spur  fly  wheels 
to  secure  durability  of  both  wheel  and  pinion. 

It  will  be  observed  that  the  diameters  of  the  fly  wheels  are 
not  always  proportionate  to  the  power  of  the  engines,  nor  yet 
to  their  respective  velocities.  In  practice,  it  is  impossible  to 
maintain  uniformity  in  this  respect,  as,  in  order  to  meet  all  the 
requirements  of  manufacture,  it  is  necessary  to  deviate  from 
fixed  principles,  and  to  approximate  as  near  as  circumstances 
will  admit  to  the  diameters,  weights,  and  velocities  of  wheels, 
as  may  be  found  convenient  to  produce  a  maximum  effect. 


Table  IX.— Diameters,  Pitch,  Velocity,  etc.,  of  Spur  Fly  Wheels  ok 

the  new  Construction. 


Nominal  power 
t      °f  i 
po 

Diameter 
of 

fly  wheel 
fert  ineht-s 

Pitch 
in  inrlie* 

Bren.it h  of 

cog 
in  inehe* 

Velocity 
of  t>itch  line 
per  minute 
in  feet 

Two  150=300 

30           1 1 

4V 

16 

S 

o 

Single  50 

13           3  J 

*i 

12 

u 
>— 

Two  100  -  200 

24  5 

4 

14 

Two  80=160 

23  4 

4 

14 

| 

a  . 

1~ 

Two  80-160 

22  4 

4 

14 

Single  60 

15»  0J 

3j 

1 

12 

Two  70=140 

24  5 

12 

£  3 
3  S 

Two  70=140 

22  8J 

S3 

[ 

14 

Ifl 

Two  50=100 

21  0 

31 

12 

«  u 

a  « 

Two  40=  80 

21  0 

3; 

10 

Two   45=  90 

20  0 

3 

12 

Single  50 

18  2* 

3 

12 

I! 

Two   35=  70 

16  0} 

3 

10 

15 

Single  40 

17  10 

3 

10 

Two   25=  50 

13  10 

3 

10 

Single  25 

8  114 

3 

12 

&I 

Two  20=  40 

15  6 

2* 

7  • 

>g 

Two  25=  50 

15  4$ 

21 

8 

in 

—  — 

Single  25 

15  4* 

21 

7 

Two   18=  36 

13  0 

» 

8 

8 

Single  15 

10  0 

7 

•3 

Single  18 

17  11 

2 

6 

> 
a 

Single  12 

10  0 

2 

5 

Of  late  years,  the  speed  of  the  piston  of  factory  steam 
engines  has  been  accelerated  from  240  to  300,  and  in  some 
cases  to  350,  feet  per  minute.  This,  united  to  the  increased 
pressure  of  steam,  nearly  doubles  the  power  of  the  engines  to 
what  they  were  thirty  years  ago.  The  standard  speed  of  a 
Boulton  and  Watt  7  feet  stroke  engine  previous  to  that  date 
was  seventeen  and  a  half  strokes  per  minute. 
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In  closing  this  section  of  practical  construction,  I  may  state 
that  the  couplings,  engaging  and  disengaging  gear,  including 
the  different  forms  of  hangers,  fixings,  &c,  are,  taken  from  my 
own  designs,  first  introduced  as  a  substitute  for  the  cumbrous 
attachments  that  were  in  general  use  previous  to  the  years  1820 
and  1823. 

Having  determined  the  diameter,  speed,  and  strength  of 
the  fly  wheel,  the  next  consideration  is  the  material,  diameter, 
&c,  of  the  main  shafts.  These  are  usually  of  cast  iron,  and 
their  diameters  depending  on  the  power  transmitted  through 
them,  and  the  velocity  at  which  they  revolve,  will  be  found  by 
the  tables  and  formulae  already  given.  The  distribution  of  the 
power  is  usually  effected  by  a  vertical  shaft,  extending  from 
the  bottom  room,  through  the  various  floors  of  the  mill,  to  the 
top  story ;  the  power  being  taken  off  at  each  stage  by  a  pair  of 
bevel  wheels.  This  arrangement,  as  shown  in  fig.  242,  repre- 
sents one  engine  house  with  a  section  of  part  of  one  division 
of  the  mills  at  Saltaire ;  and  this  may  be  considered  as  a  type 
of  other  mills  adapted  for  spinning  and  similar  purposes. 

It  will  be  observed  that  there  are  four  divisions  in  the 
Saltaire  mills — one  for  the  preparatory  process,  one  for  the 
wool  combing,  another  for  the  spinning,  and  a  fourth  for  the 
weaving.  All  these  are  driven  by  four  steam  engines,  each 
of  100-nominal- horse  power,  but  collectively  distributing  a 
force  through  these  different  departments  of  upwards  of  1,250 
horses. 

On  referring  to  the  drawings,  figs.  242  and  243,  which  re- 
present a  cross  and  longitudinal  section  of  the  mill,  it  will  be 
seen  that  the  vertical  shaft  a  a  is  driven  direct  from  the  fly 
wheel  by  the  horizontal  shaft  b,  giving  motion  to  the  machinery 
in  each  room  as  it  ascends.  It  is  fixed  on  a  solid  pier  of  ashlar 
as  shown  at  fig.  244,  page  387,  and  supported  on  strong  cast- 
iron  plates  and  bridgetrees,  firmly  secured  by  bolts  to  the 
foundations  below.  In  each  room  it  is  securely  fixed,  by  cast- 
iron  frames  and  boxes,  forming  a  recess  for  the  bevel  wheels 
into  the  wall  which  divides  the  engine  house  and  the  rooms 
above  from  the  mill.  This  wall  is  generally  made  strong  and 
thick,  with  sufficient  weight  to  resist  the  action  of  the  wheels 
prepared  to  drive  the  main  lines  of  horizontal  shafts  with  a 
speed  and  force  equivalent  to  the  work  done  in  each  room.  In 
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the  case  of  the  Saltaire  mills  this  is  considerable  ;  nearly  300- 
horse  power  being  distributed  through  the  upright  shaft  alone, 
the  remainder  being  carried  off  to  the  loom  shed  by  a  second 
wheel,  working  into  the  bevel  wheel  a,  on  the  horizontal  shaft 
B,  but  not  shown  in  the  drawing.  It  is  important,  in  mills 
where  powerful  steam  engines  are  employed,  that  the  found- 
ations and  fixings  to  which  the  niaiu  shafts  are  attached  should 
be  of  the  most  substantial  description ;  and  the  greatest  precau- 
tion is  necessary  in  order  to  secure  them  from  vibration,  and  to 
render  them  perfectly  rigid  when  the  whole  force  of  the  engines 
is  applied. 

In  the  Saltaire  mills,  as  in  many  others  for  the  manufac- 
ture of  cotton,  flax,  and  wool,  the  preparatory  machinery,  such 
as  carding,  combing,  roving,  &c,  is  generally  driven  by  lines  of 
horizontal  shafts,  or  by  a  series  of  cross  shafts,  branching  off 
at  right  angles  from  the  main  line  extending  down  the  centre  of 
the  room,  as  shown  at  c  o  in  No.  II.  room  (fig.  242).  Nos.  III. 
and  IV.  rooms  are  driven  by  the  longitudinal  shaft  in  No.  III. ; 
and  Nos.  V.  and  VI.  by  the  shaft  in  No.  V.  room.  On  this  plan 
it  will  be  noticed  that  the  spinning  machinery  is  driven  by  iron 
pulleys  from  the  horizontal  shafts,  at  a  velocity  of  nearly  200 
revolutions  per  minute,  and  the  straps  or  belts  from  those 
pulleys  are  directed  by  means  of  guide  pulleys  to  the  machinery 
in  both  rooms.  For  this  purpose,  iron  boxes  are  inserted  into 
the  arches  supporting  the  floors,  for  the  admission  of  the  straps 
to  the  machinery  in  the  upper  floor. 

It  will  not  be  necessary  to  give  the  dimensions  of  the  shafts 
in  each  room,  as  these  details  and  calculations  must  be  left  to 
the  judgment  of  the  millwright,  and  the  nature  of  the  work 
they  have  to  perform.  Suffice  it  to  observe,  that  the  vertical 
shaft  a  is  10  inches  diameter  through  the  first  two  rooms,  8| 
inches  through  the  third  room,  and  6£  inches  to  the  top  j  the 
velocity  being  94  revolutions  per  minute. 

As  respects  the  couplings  for  this  shaft,  we  may  refer  the 
reader  to  the  Table  of  Dimensions  (page  390)  made  from  coup- 
lings actually  in  use,  and  which  have  been  found,  by  experi- 
ment, serviceable  in  every  case  where  strength  and  durability 
are  required. 

Great  trouble  is  sometimes  experienced  with  the  foot  of  the 
vertical  shaft,  which,  from  its  weight  and  the  great  pressure 
upon  it,  has  a  tendency  to  heat,  uuless  sufficient  bearing  area 
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is  allowed  and  the  parts  kept  thoroughly  lubricated.  The 
general  arrangements  of  the  footsteps  and  gearing  in  large 
mills  are  shown  in  fig.  244 :  8  ft  is  the  first-motion  shaft,  and 
1 1  the  vertical  shaft ;  a  a  the  bevel  wheel  on  the  former,  and 
b  b  the  bevel  wheel  on  the  latter ;  c  a  plummer  block  for  the 


first-motion  shaft,  and  d  d  the  box  containing  the  brass  foot- 
step for  the  vertical  shaft :  this  box  rests  on  a  large  base  plate, 
bolted  to  the  foundation  stones  and  to  the  wall  of  the  engine 
house.   In  order  to  insure  a  constant  supply  of  oil  to  the  bear- 
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ing,  it  is  usual  to  cut  away  nearly  the  whole  depth  of  the  foot- 
step, or  that  portion  of  the  brass  in  the  corner  opposite  to  the 
thrust  of  the  bevel  wheels,  as  shown  in  the  plan  (fig.  244) ;  this 
cavity  is  then  kept  full  of  oil,  and  lubricates  the  shaft  through- 
out at  every  revolution.*  Again,  in  cotton,  woollen,  and  flax 
mills,  when  the  first-motion  and  vertical  shafts  have  been  duly 
proportioned  to  the  work  they  have  to  perform,  it  becomes 
necessary  to  consider  the  diameter,  speeds,  &c,  of  the  light 
shafting  for  driving  the  machinery  in  the  different  rooms. 
The  formula  given  for  strength,  &c,  in  a  former  part  of  this 
work,  will  apply  to  this  description  of  gearing  and  mill-work 
where  the  length  does  not  exceed  120  feet.  In  long  ranges  of 
shafts,  of  from  150  to  200  feet  in  length,  where  the  power 
applied  to  the  machinery  at  the  end  of  the  room  is  consider- 
able, it  is  essentially  necessary  to  increase  their  strengths  in 
order  to  prevent  torsion  or  twist.  This  is  a  consideration  of 
much  importance,  and  requires  careful  attention,  as  long 
ranges  of  light  shafts  are  very  elastic — they,  in  some  cases, 
effect  nearly  a  complete  revolution  at  the  point  of  imparted 
motion  before  the  extreme  ends  begin  to  move.  The  result  of 
the  power  so  irregularly  transmitted  by  the  spring  of  the 
shafts,  resolves  itself  into  a  series  of  accelerated  and  retarded 
motions  through  the  whole  line  of  shafts,  and  imparts  to  the 
machinery  in  one-half  of  the  room  a  very  variable  motion. 
Want  of  stiffness  is  a  great  evil  in  long  lines  of  shafting,  and, 
as  we  have  already  observed,  instances  are  not  wanting  in 
which  whole  lines  have  been  removed  entirely  from  this  cause. 

The  transmission  of  power  to  machinery  placed  at  different 
angles  from  the  line  of  shafts,  which  is  sometimes  the  case  in 
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old  mills,  has  generally  been  effected  by  the  universal  joint  a 
(fig.  245),  which  works  moderately  well  at  an  obtuse  angle,  but 

•  The  reader  may  compare  what  is  here  said  of  footsteps  with  ante,  pp.  163, 
168,  on  the  steps  for  turbine  shafts. 
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I  have  always  found  in  ray  own  practice  that  bevel  wheels,  as 
at  b  (fig.  246),  are  preferable  and  more  satisfactory.    They  give 


Fig.  246. 


much  less  trouble,  and  work  with  greater  ease,  than  the  uni- 
versal joint.  Other  examples  might  be  given  for  the  guidance 
of  the  practical  millwright ;  but,  having  to  discuss  these  points 
at  greater  length  when  we  come  to  treat  of  the  different  kinds 
of  mills  and  different  methods  of  gearing,  we  must  direct  the 
reader  to  those  portions  of  the  work  which  concern  his  own 
immediate  practice. 

The  following  table  exhibits  the  diameter  of  shafts,  length 
of  journals,  diameter  and  proportions  of  couplings,  &c,  derived 
from  actual  practice,  which  may  be  useful  to  the  less  expe- 
rienced millwright  and  engineer: 
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Table  X.~ Length,  Diameter,  etc.,  of  Couplings.  Coupling  Boxes,  etc. 
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SECTION  V. 

OX  MILL  ARCHITECTURE. 

CHAPTER  L 

ANCIENT  AND  MODERN  MlLiLS. 

In  the  early  stages  of  civilisation,  when  industrial  progress  was 
at  a  low  ebb,  and  in  those  days  when  the  whole  population  was 
trained  to  war,  and  a  miserable  system  of  tillage  existed,  mills 
were  little  in  demand,  with  the  exception  of  corn  and  fulling 
mills  ;  the  former  to  grind  oats  and  barley,  and  the  latter  to 
mill  a  rough  description  of  serge  or  blanket.    At  that  period, 
mill  architecture  was  out  of  the  question,  as  the  dwellings  of 
the  retainers,  and  those  employed  in  the  field  or  manufactory, 
were  mere  hovels,  and  the  architecture  of  the  country  was  con- 
fined to  churches,  public  buildings,  and  the  mansions  of  the 
barons  or  lords  of  the  soil.    In  such  a  state  of  society  mills 
were  simply  sheds,  with  water  wheels  having  straight  floats, 
and  a  long  conduit  or  spout  to  carry  the  force  of  the  water 
descending  from  the  higher  fall  against  the  float  boards  below. 
In  process  of  time,  as  the  population  increased  in  numbers  and 
intelligence,  new  demands  for  food  and  clothing  were  created, 
and  a  new  description  of  mills  was  introduced  to  meet  the 
requirements  of  a  superior  class  to  those  under  the  feudal 
system,  who  were  chiefly  engaged  in  war  and  plunder.   At  this 
period  mills  were  improved  and  enlarged,  but  there  were  no 
attempts  at  architecture ;  and,  what  is  still  more  surprising, 
the  engineers  and  millwrights  of  those  days  appear  to  have  had 
no  idea  of  the  advantages  derivable  from  large  water  wheels, 
but  contented  themselves  with  additional  wheels  to  meet  the 
demand  of  additional  work.    On  these  occasions  every  pair  of 
millstones  and  every  pair  of  fulling  stocks  had  their  separate 
water  wheels,  and  these  were  multiplied  according  to  the 
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demands  or  necessities  of  the  trade.  Fig.  247  represents  a  plan 
of  the  wheels,  aud  the  way  in  which  they  were  arranged,  in  order 
to  give  motion,  as  was  then  the  fashion,  to  three  pairs  of  mill- 
stones, with  a  dressing  machine  and  sieves,  as  the  case  might 
require. 

Most  of  the  mills  in  this  country  and  in  other  parts  of 
Europe  were  of  this  description  up  to  the  middle  of  the  last 
century  ;  and  it  was  during  the  days  of  Smeaton  that  mills 
began  to  assume  a  better  system  of  classification,  and  that 
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concentration  of  machinery  and  power  which  ultimately  led  to 
the  high  state  of  perfection  in  which  we  now  find  them  in  this 
country. 

Immediately  succeeding  Smeaton  came  the  late  John  Rennie, 
who  built  the  Albion  Steam  Mills,  and  effected  a  new  system  of 
concentration,  totally  different  to  that  in  use  for  corn  mills 
driven  by  water.  The  steam  engine  was,  therefore,  the  first 
innovator  and  improver  of  concentrated  power;  and  Mr.  Rennie 
availed  himself  of  its  introduction  to  effect  a  new  arrangement 
of  the  machinery  in  mills,  tending  to  meet  the  requirements 
of  a  new  power  concentrated  on  one  point,  and  diverging  in 
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different  directions  to  reach  the  various  machines  of  the  manu- 
factory. This  was  an  important  step  gained  in  the  classification 
of  the  machinery.  It  caused  a  change  in  the  construction  of 
water  wheels  by  increasing  their  diameter  and  width,  and  by 
making  one  wheel  do  the  work  of  two  or  three  on  the  old  plan, 
the  water  wheel  being  brought  to  bear  upon  the  machinery  in 
the  mill,  on  the  same  principle  as  that  of  the  steam  engine. 
For  many  years  the  old  plan  still  lingered  in  the  minds  of  the 
millwrights  of  the  last  century,  and  it  was  not  until  the  year 
1824  that  an  improved  system  of  applying  water  power  to  mills 
was  effectively  introduced.  This  was  accomplished  at  the 
Catrine  Cotton  Works  in  Ayrshire,  at  the  above  date.  From 
twenty  to  thirty  years  previous  to  that  time  these  works  were 
driven  by  four  wheels  at  different  parts  of  the  building,  with  a 
divided  fall  of  48  feet,  one-half  the  fall  being  appropriated  to 
one  of  the  mills,  and  the  other  to  another  upon  the  lower  level. 

In  the  new  wheels,  a  description  of  which  is  given 
ante,  page  124,  the  two  falls  were  united,  and  the  whole 
power  concentrated  in  a  separate  house,  equidistant  be- 
tween the  two  mills,  and  a  line  of  strong  shafts  projected  at 
right  angles  from  the  wheels  and  conveyed  the  power  to  the 
machinery  in  each.  From  this  system  of  united  force  great 
advantages  were  derived,  both  in  water  and  steam,  which  ulti- 
mately led  to  the  arrangements  now  in  use,  of  having  both 
water  wheels  and  steam  engine  erected  separate  from  the  mill, 
thus  rendering  the  establishment  free  from  damp  and  heat. 
Water  wheels  are  now  upon  a  very  different  system  than  here- 
tofore ;  and  instead  of  being  sunk  in  deep  trenches  in  the  very- 
centre  of  the  mill,  obstructing  the  different  processes  of  manu- 
facture, and  where  it  is  next  to  impossible  to  get  near  them  for 
repairs,  they  are  now  erected  in  a  commodious  house  with  broad 
platforms  and  galleries,  six  feet  wide,  and  from  which  every  part 
of  the  wheel  can  be  reached. 

The  concentration  of  motive  power  bearing  directly  from  a 
single  point  upon  mill  machinery,  led  to  the  introduction  of 
long  lines  of  shafting  to  reach  such  machinery  at  the  extreme 
end°of  the  different  flats  of  the  mill;  and  these,  again,  as 
already  explained,  suggested  other  improvements  in  the  build- 
ings, particularly  in  cotton  mills,  where  they  are  not  unfre- 
quently  extended  to  a  length  of  from  300  to  350  feet. 

It  is  in  the  recollection  of  persons  still  living,  when  the 


Digitized  by  Google 


ON'  MILL  ARCHITECTURE. 


operations  of  carding,  spinning,  and  weaving  of  cotton,  flax, 
and  wool,  were  chiefly  carried  on  in  the  farmhouse  and  the 
cottages  of  the  labouring  poor ;  and  it  is  not  more  than .  fifty 
years  since  the  power  loom  was  introduced,  and  became  the 
precursor  of  future  changes  which  ultimately  destroyed  almost 
every  vestige  of  our  domestic  manufacture.  It  is  not  for  me 
to  offer  an  opinion  on  the  effects  of  these  changes  on  the  whole 
of  our  industrial  population  ;  suffice  it  to  observe,  that  it  has 
altered  the  domestic  habits  of  the  people,  and  concentrated 
within  large  and  substantial  buildings  great  numbers  of  people 
employed  in  the  different  processes  of  manufacture ;  and  those 
who  were  formerly  distributed  over  a  large  surface  of  country 
are  now  employed  under  the  roofs  of  weaving  sheds  and  mills. 


Fi.sr.  24R. 


As  late  as  1 784,  there  were  no  factories,  properly  so  to  speak, 
but  the  improvements  in  cotton  machinery  introduced  by 
Arkwright  and  Crompton,  suggested  enlarged  space  in  the 
shape  of  separate  buildings ;  and  the  large  profits  arising  from 
the  cotton  manufacture  at  that  time,  enabled  the  proprietors 
to  build  mills,  some  of  them  considered  of  colossal  dimensions. 
At  first,  these  mills  were  square  brick  buildings,  without  any 
pretensions  to  architectural  form,  as  shown  at  fig.  248.  This 
description  of  building  with  bare  walls  was  for  many  years  the 
distinguishing  feature  of  cotton  mills,  and  for  a  long  period 
they  continued  to  be  of  the  same  form  and  character  throughout 
all  parts  of  the  country.  About  the  year  1827,  1  gave  designs 
for  a  new  mill  of  a'different  class,  and  persuaded  the  proprietor 
to  allow  some  deviation  from  the  monotonous  forms  then  in 
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general  use.  This  alteration  had  no  pretension  to  architectural 
design;  it  consisted  chiefly  in  forming  the  corners  of  the 
building  into  pilasters,  and  a  slight  cornice  round  the  building, 
as  shown  in  fig.  249.  This  simple  change  of  form  gave  a  new 
impetus  to  the  building  of  factories.  It  was  speedily  copied  in 
all  directions  with  exceedingly  slight  modifications,  but  always 
with  effect,  as  it  generally  improved  the  appearance  of  the 
buildings,  and  produced  in  the  minds  of  the  millowners  and 
the  public  a  higher  standard  of  taste. 

These  attempts  at  improvement  led  to  the  employment  of 
architects ;  and  we  have  now,  as  may  be  seen  from  the  annexed 
view  of  the  facade  of  Saltaire,  the  factory  buildings  in  this 


Viff.  249. 


country  vieing  with  our  institutions  and  public  buildings  as 
works  of  art,  both  in  the  power  and  harmony  of  their  parts  and 
the  tout  ensemble  of  their  appearance. 

The  style  of  architecture  (fig.  250)  is  not  confined  to  mills  of 
such  large  dimensions  as  those  of  Saltaire ;  but  other  forms, 
according  to  the  taste  of  the  builder,  are  generally  adopted  in 
most  mills,  greatly  to  the  benefit  of  the  owner,  and  advantageous 
in  other  respects  as  regards  appearance  and  progressive  improve- 
ments in  the  useful  arts. 

Irrespective  of  the  external  appearance,  the  results  of  im- 
provements in  mill  architecture  were  manifest  in  the  desire 
which  they  induced  to  elaborate  with  greater  certainty  and 
effect  the  art  of  design ;  to  accustom  the  mind  to  objects  of 
interest  which  embodied  lines  of  harmonious  proportion,  and 
united  in  these  constructions  the  taste  of  the  architect  and 
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the  stability  of  the  engineer.  To  these  may  be  added  the  im- 
provements that  were  introduced  in  the  general  arrangements 

Fig.  2.10. 


Fig.  251. 


of  the  buildings,  their  adaptation  for  the  reception  of  the 
different  kinds  of  machinery ;  security  from  fire  and  other 

requisites  for  carrying  on  a  large  and 
successful  process  of  manufacture.  Con- 
temporaneous with  the  architectural  im- 
provements in  mills,  the  shed  principle 
lighted  from  the  roof,  or  the  1  saw-tooth ' 
system,  came  into  operation.  It  was  chiefly  adapted  for  power 
weaving,  and  contained  many  advantages  in  having  the  ma- 
chines on  the  ground  floor,  accompanied  with  a  slight  degree 
of  moisture,  which  was  considered  beneficial  to  the  processes 
carried  on.* 

Since  the  introduction  of  the  shed  principle  as  a  convenient 
building  for  the  reception  of  cotton  machinery,  it  has  been 
generally  adopted  for  workshops,  and  various  other  descriptions 
of  manufactories.  The  workshops  at  Woolwich  and  the  Enfield 
Lock  Rifle  Factory  are  upon  this  principle,  which  has  great 
advantages  where  the  different  processes  of  manufacture  are 
continuous  from  one  department  to  another,  and  where  the 
whole  can  be  carried  on,  by  rail  or  tramway,  on  the  ground 
floor.    It  is  difficult  to  estimate  the  advantages  of  this  descrip- 

*  This  description  of  building  is  coming  more  generally  into  use  for  cotton- 
spinning  and  weaving  shells.    See  Plate  XV.  p.  456. 
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tion  of  building  for  manufacturing  purposes ;  they  are,  however, 
considerable,  and,  where  land  can  be  had  moderately  cheap,  it 
is  found  superior  in  many  respects,  particularly  as  regards  light, 
to  buildings  composed  of  three,  four,  or  more  stories.* 

Another  description  of  building,  composed  entirely  of  iron, 
has  been  introduced  for  mill  purposes  ;  namely,  a  combination 
of  cast  and  wrought  iron,  as  exhibited  in  a  small  com  mill, 
constructed  by  Messrs.  W.  Fairbairn,  Sons,  &  Co.,  Millwall, 
London,  from  my  own  designs,  in  the  year  1841.  This  build- 
ing was,  to  the  best  of  my  belief,  the  first  iron  house  con- 
structed in  this  country,  and  was  from  its  unique  character  one 
of  the  most  successful  constructions  of  its  kind.  It  was  formed 
of  hollow  cast-iron  pilasters  composing  the  standards  and  frame- 
work of  the  building,  which  gave  it  an  architectural  appearance, 
and  added  considerably  to  its  durability  and  strength.  The 
spaces  between  the  pilasters  were  filled  up  with  cast-iron  plates 
to  the  height  of  the  first  floor ;  and  the  two  remaining  stories 
were  formed  of  wrought-iron  plates,  riveted  to  the  flanges  of 
the  pilasters,  as  shown  in  figs.  252,  253,  254,  and  255,  pages 
399,  400,  401,  and  402.  The  whole  of  the  vertical  sides  and 
ends  were  covered  with  a  corrugated  iron  roof,  and  the  floors 
were  supported  by  iron  beams  and  columns  in  the  usual  manner. 
This  building,  when  completed,  was  exhibited  at  the  works, 
Millwall ;  and  from  that  time  to  the  present  a  large  trade  in  the 
construction  of  iron  houses,  churches,  warehouses,  &c.,  has  been 
carried  on  between  this  country  and  the  Colonies,  India,  and 
America. 

*  For  further  detail,  ride  Mr.  Fairbairn'a  work  On  the  Application  of  lion  to 
Building  Purposes. 
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CHAPTER  II. 

ON  COEN  MILLS. 

At  the  commencement  of  this  work  was  sketched  a  very  brief 
notice  of  the  antiquity  of  corn  mills,  and  the  state  in  which 
grinding  went  on  from  generation  to  generation,  until  it  came 
down  with  comparatively  little  improvement  to  the  present  time. 
During  the  Jewish  period,  Moses  speaks  of  the  nether  and  upper 
mill  stones,  and  for  a  succession  of  ages  in  Egypt,  Greece,  and 
Rome,  the  quern  and  some  other  description  of  mills,  driven  by 
horses  or  by  bullocks,  appear  to  have  been  in  use  without 
change  or  improvement  of  any  kind.  The  same  may  be  said 
of  the  Middle  Ages,  which  were  anything  but  fruitful  of  im- 
provement or  mechanical  invention  ;  and,  until  the  close  of  the 
last  century,  little  or  no  progress  was  made  in  the  process  of 
grinding,  or  the  development  of  those  principles  by  which  the 
whole  operation  is  reduced  to  a  system.  Corn  mills,  like  every 
other  description  of  milling,  have  of  late  years  undergone  great 
changes,  and  the  introduction  of  steam  has  given  certainty  and 
effect  to  the  mill  operations  of  every  description  of  manufacture, 
that  was  inconceivable  at  a  previous  epoch.  The  fact  of  having 
motive  power  at  command  in  every  district  of  the  country, 
mills  being  no  longer  dependent  upon  the  state  of  the  wind,  or 
the  supply  of  water,  has  now  as  nearly  as  possible  supplanted 
the  old  wind  and  water  contrivances,  and  transferred  the  opera- 
tion of  grinding,  with  all  its  necessary  improvements,  into  the 
very  heart  of  towns.  From  this  certainty  of  action  we  derive 
most  of  the  changes  and  improvements  that  are  now  visible  in 
corn  mills,  and  in  every  other  description  of  manufacture 
throughout  the  country ;  we  have,  therefore,  now  to  show  in 
what  these  improvements  consist,  and  how  they  may  be  main- 
tained upon  sounder  principles  than  those  known  to  our  fore- 
fathers. 

The  corn  mills  chosen  for  illustration  are,  one  of  three  pairs 
of  stones  erected  at  Constantinople  for  the  Seraskier  Halil 
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Pasha  in  1842,  and  the  other  of  thirty  pairs  of  stones  for  a 
Russian  company  at  Taganrog,  on  the  borders  of  the  Black 
Sea.  The  first  was  built  under  conditions  that  the  building 
should  be  entirely  of  iron,  that  it  might  not  be  burnt  to  the 


Fig.  252. 


ground  by  the  fires  which  so  frequently  occur  in  the  Turkish 
capital.  The  other  was  intended  for  the  purpose  of  grinding 
the  large  supplies  of  wheat  which  are  grown  on  the  steppes  of 
Southern  Eussia  for  the  European  markets,  and  also  for  the 
supply  of  bread  and  biscuits  for  the  Russian  navy. 


400 


OX  MILL  ARCHITECTURE. 


It  is  now  upwards  of  forty  years  since  the  new  system  of 
corn  mills,  having  the  millstones  in  a  continuous  line,  was  firat 
adopted.  For  many  years  it  was  called  in  question,  and  it  met 
with  a  determined  opposition  from  the  old  millers  and  mill- 
wrights, who  stoutly  maintained  that  the  bevel-wheel  principle 


Fig.  253. 


was  decidedly  inferior  to  the  old  plan  of  stones  ranged  round  a 
large  spur  wheel.  Time,  however,  showed  the  advantages  of 
the  new  plan,  as  it  not  only  proved  that  the  bevel  wheels 
worked  as  well  as  the  spur,  but  it  gave  greatly  increased  faci- 
lities for  the  operations  of  the  mill  in  the  different  processes  of 
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cleansing,  grinding,  dressing,  sacking,  &c,  of  the  flour,  as  it 
came  from  the  machine  ready  for  the  baker. 

A  description  of  this  mill,  and  of  the  Old  Union  Mills,  Bir- 
mingham, was  published  some  years  since  by  Messrs.  Blackie 
&  Son,  in  their  work,  entitled  '  The  Engineers'  and  Machinists' 
Assistant ; 9  and  as  that  work  contains  an  accurate  description 
of  this  system  of  mills,  I  have  extracted  from  it  large  quota- 


Fig.  254. 


tions,  accompanied  with  improvements  which  have  since  been 
introduced. 

.  Fig.  252  is  a  sectional  elevation  of  the  mill,  the  line  of 
section  being  taken  in  a  longitudinal  direction,  and  exhibiting 
the  position  of  the  stones,  the  engine,  and  driving  gearing,  and 
of  such  portions  of  the  subordinate  apparatus  as  are  visible  on 
the  side  of  the  mill  which  is  exposed  to  view. 

It  also  exhibits  the  millstones  p  p  p,  sections  of  the  ele- 
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vator  v  v',  screw  creepers  y'  y',  and  the  wheat  bins  or  hoppers 
z  z  z. 

In  these  will  be  seen  the  driving  gear  k  k,  first-motion 
wheels  k  l  n  n,  and  vertical  shaft  c'  c',  by  which  motion  is 
transmitted  to  the  machinery  in  the  floors  above. 


Fig.  255. 


Fig.  253  is  a  plan  of  the  bottom  floor,  showing  the  engine 
p  and  boilers  g  o,  corresponding  to  the  above,  and  taken  on  a 
horizontal  line  passing  through  the  lower  story  of  the  mill. 

Fig.  254  is  a  transverse  section  of  the  entire  mill,  in  which 
are  shown  the  garners  for  undressed  and  dressed  wheat  Q  Q, 
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the  mechanism  by  which  it  is  cleaned  and  conveyed  from  the 
former  into  the  latter,  as  described  in  the  text,  page  405,  and 
in  the  references  at  pages  406  and  407  ;  the  sack  teagle,  &c, 
as  shown  at  h'd,  &c. 

Fig.  255  is  a  plan  of  the  first  floor,  corresponding  with  the 
plan  (fig.  253),  the  line  of  section  being  taken  through  the  first 
story  of  the  mill. 

The  house  in  which  this  mill  is  contained  consists  of  an 
assemblage  of  plates  of  sheet  iron  a,  a,  a,  of  a  suitable  thick- 
ness, consolidated  and  bound  together  by  the  square  cast-iron 
columns  or  pilasters  B,  b,  b,  and  by  the  strong  cast-iron  girders 
c,  c,  c,  situated  at  such  a  height  as  to  oppose  and  neutralise 
the  strain  of  the  principal  working  parts.  It  is  surmounted  by 
an  arched  roof  d,  d,  formed  of  plates  of  corrugated  sheet  iron. 
A  wall  of  masonry  e,  k  is  erected  in  the  interior,  for  the  pur- 
pose of  affording  a  foundation  for  the  bearings  of  the  heavier 
gearing  of  the  mill.  The  motive  power  is  supplied  by  a  high- 
pressure  steam  engine  p,  of  1 2-horse  power,  the  distinguishing 
feature  of  which  consists  in  its  principal  working  parts  being 
wholly  enclosed  within  a  large  cast-iron  column.  By  this 
arrangement  great  firmness  and  stability  are  imparted  to  the 
engine,  while  the  space  which  it  occupies  is  reduced  to  the 
smallest  possible  dimensions.  The  boilers  o,  o  are  situated  in 
an  adjoining  part  of  the  house,  and  their  flues  h,  h  are  formed, 
in  the  usual  manner,  of  brickwork,  abutting  on  the  one  hand 
against  the  wall  e,  and  on  the  other  against  the  side  of  the 
house  itself.  Thus  the  engine  and  boilers  occupy  nearly  the 
entire  half  of  the  lower  story  of  the  mill.  The  whole  erection 
is  strengthened  and  bound  together  by  the  cast-iron  beams 
I,  i,  i,  which  pass  transversely  through  the  interior  of  the 
house,  and  are  supported  in  the  middle  of  their  length  by  the 
columns  J,  J.  On  these  beams,  also,  the  flooring  of  the  upper 
and  lower  flat  is  disposed. 

The  fly  wheel  k,  k  of  the  steam  engine  is  of  that  kind  de- 
nominated spur  fly  wheels,  from  the  circumstance  of  their  being 
formed  with  teeth,  on  the  exterior  of  the  rim,  and  thus  serving 
at  once  to  regulate  the  velocity,  and  to  transmit  the  power  of 
the  steam  engine  to  which  they  are  attached.  The  spur  fly 
wheel  k,  k,  the  diameter  of  which  is  9  feet  8}  inches,  gears 
with  the  pinion  l  (fig.  252),  of  4  feet  10 j  inches  diameter;  con- 
sequently, the  velocity  of  the  crank  shaft  is  nearly  doubled 
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upon  the  horizontal  shaft  M,  M,  to  which  the  latter  is  fixed, 
and  which,  by  means  of  the  bevel  wheels  and  pinions  n,  n,  n, 
gives  motion  to  the  stones  contained  within  the  millstone  cases 
p,  p,  p.  The  shaft  m,  m  has  a  bearing  upon  the  wall  e,  close  to 
the  back  of  the  pinion  l,  and  one  in  each  of  the  standards 
o,  o,  o  (figs.  252  aud  253),  to  which  the  mechanism  necessary 
for  impelling  and  regulating  the  action  of  the  stones  is  attached. 

Considerable  difference  of  opinion  exists  amongst  the  mill- 
wrights of  the  present  day  regarding  the  comparative  advan- 
tages of  spur  and  bevel  gearing  as  employed  for  driving  grinding 
machinery.  Into  this  question  our  limits  do  not  admit  of  our 
entering  ;  in  our  examples  we  have  chosen  the  latter  method, 
as  being  that  most  generally  practised.  We  may,  however,  be 
permitted  to  enumerate  a  few  of  the  more  obvious  advantages 
attending  the  present  system. 

1st.  It  admits  of  the  stones,  whatever  may  be  the  number 
employed,  being  ranged  in  a  straight  line  instead  of  in  a  circle, 
thereby  economising  space,  and  tending  to  a  more  convenient 
and  economical  disposition  of  the  garners  and  apparatus  by 
which  they  are  fed. 

2nd.  It  dispenses  with  the  cumbrous  and  expensive  frame- 
work necessary  for  binding  together  the  parts  of  the  system  of 
spur  gearing. 

3rd.  It  admits  of  the  employment  of  wheel- work  of  a  finer 
pitch,  and  consequently  of  a  more  smooth  and  equable  action, 
than  could  be  used  in  the  other  case.  And, 

4th.  The  use  of  the  bevel  gearing  increases  the  facility  of 
disengaging  at  pleasure  any  pair  of  stones  which  may  require 
examination  or  repair. 

We  shall  now  proceed  to  describe  the  mechanism  of  the 
various  processes  by  which  the  grain  is  treated,  both  previously 
and  subsequently  to  the  process  of  grinding  ;  and,  to  avoid 
repetitions,  we  shall  notice  these  processes  in  the  order  in  which 
they  occur. 

The  corn  to  be  ground  is  deposited  in  the  upper  floor  of  the 
mill  in  the  large  garner  q  q  (fig.  254),  from  which  it  is  con- 
ducted through  the  spout  r  into  the  screening  machine  s,  B, 
where  it  is  cleansed  of  the  dust  and  other  extraneous  matter 
which  is  found  more  or  less  combined  with  it.  The  corn  enters 
at  its  upper  extremity,  and  having  been  thoroughly  agitated  in 
its  passage  through  the  interior  of  the  machine,  and  thereby 
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divested  of  the  greater  portion  of  the  refuse  with  which  it  was 
mixed,  falls  into  a  spout  u,  at  its  lower  end,  which  conducts  it 
to  the  elevator  v ;  being  subjected  in  its  passage  through  this 
spout  to  the  action  of  a  blast  from  the  fan  t,  by  which  the 
remaining  portion  of  the  sand  and  dust  that  escapes  with  the 
grain  is  carried  off  by  a  passage  leading  to  the  exterior  of  the 
house.  The  grain,  after  being  thus  cleansed,  is  caught  by  the 
elevator  v,  and  raised  nearly  to  the  summit  of  the  mill,  where 
it  is  delivered,  through  an  inclined  spout  x,  into  the  creeper 
box  Y  Y,  by  which  it  is  distributed  into  the  feeding  garners 
z,  z,  z  (fig.  252). 

The  corn  which  is  supplied  to  the  garners  z,  z,  z  falls  through 
the  feeding  pipes  or  spouts  a',  a',  a'  (fig.  252)  into  the  hoppers 
by  which  the  grinding  apparatus  is  surmounted.  After  being 
reduced  into  flour,  it  falls  through  the  pipes  b',  b',  b'  into  the 
creeper  box  y',  y',  by  which  it  is  transferred  to  the  elevator  v. 
By  this  elevator  it  is  again  raised  to  the  summit  of  the  house, 
and  carried  by  means  of  the  creeper  y'  to  the  dressing  machine 
8'  (fig.  255),  after  passing  which  the  different  products  are 
stored  up  in  sacks,  or  otherwise  disposed  of,  as  may  be  most 
convenient.  The  machines  and  mechanism  connected  there- 
with will  subsequently  be  very  fully  described,  and  need  not 
here  be  further  alluded  to. 

The  gearing  by  which  the  subordinate  machinery  of  the  mill 
is  driven  consists,  first,  of  an  upright  shaft  c',  c'  (fig.  252)  set  in 
motion  by  a  pair  of  bevel  wheels  a,  from  the  main  horizontal 
shaft  m,  m.  This  shaft  has  its  lower  bearing  in  an  arched 
standard  embracing  the  shaft  m,  and  at  its  upper  extremity  it  is 
supported  by  a  plumnier  block  bolted  to  a  double  bracket  d'  im- 
bedded in  the  wall  e.  Its  motion  is  here  transferred  by  means  of 
another  pair  of  bevel  wheels  b  to  the  horizontal  shaft  e',  e'  (fig. 
255),  passing  transversely  across  the  mill.  On  this  shaft  are 
fixed  the  pulleys  d  and  e,  which  drive  the  screening  and  dressing 
machines  respectively,  and  a  set  of  small  bevel  wheels  c,  c  serve 
to  transmit  the  motion  to  the  longitudinal  shafts  p',  p',  by  which 
the  elevators,  creepers,  &c,  are  propelled;  as  also  the  short 
shaft  o',  by  which  the  sack  teagle  is  driven. 

We  subjoin  a  list  of  the  various  wheels,  pinions,  and  pulleys 
employed  in  this  mill,  and  the  velocities  imparted  by  them  to 
the  machines  driven  by  them  respectively. 
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Steam  Engine  F,  12-Horse  power,  makes  Fohty  Revolutions  of  Chank 

8HAFT  PER  MlNUTK. 


Description  of  gearing 

Driven 

Driven 

JW  VOIU- 

tious 

Diameter 

Result— 

r*f* vol ii t twtr  Tiiifinttf* 

IV*  Ul  U  til  '1 1  >  |~*  lill 

ft. 

in. 

ft.  in. 

Spur  pair  K,  L    .  . 

9 

3i 

40 

4  10J 

76  on  horizontal  shaft  M. 

Bevel  pairs  N,  N,  N 

3 

6 

76 

1  10 

140  on  the  stones. 

Bevel  pair  a  .    .  . 

3 

6 

76 

1  10 

140  on  upright  shaft  <?. 

Bevel  pair,  b  .    .  . 

3 

o. 

140 

1  0 

242  on  transverse  shaft  e'. 

Bevel  pair  c,  c    .  . 

1 

H 

242 

i  14 

140  on  longitudinal  shafts 

k'f\ 

Pulley  d    .    .    .  . 

1 

6 

242 

1  0 

363  on  screening  machines. 

1 

6 

242 

1  0 

363  on  dressing  machine  s\ 

2 

0 

140 

0  6 

560  on  fan  T. 

Pulley  g  

0 

8 

140 

2  0 

46*6  on  elevators Sc  creepers. 

Pulley  h     .    .    .  . 

1 

0 

140 

2  0 

70  on  intermediate  shaft  g'. 

1 

G 

70 

2  0 

47  on  sack  teagle  h\ 

REFERENCES. 

A,  A,  A,  the  sheet-iron  sides  of  the  house  in  which  the  mill  is  erected. 

B,  B,  B,  columns  for  supporting  and  strengthening  the  structure.  * 
c,  c,  horizontal  beams  at  the  level  of  the  first  floor. 

D,  D,  the  roof  formed  of  corrugated  iron. 

E,  B,  a  wall  of  masonry,  affording  a  foundation  for  the  bearings  of  the 
driving  gearing,  &c. 

¥,  the  steam  engine  by  which  tbe  mill  is  driven. 

0.  0,  the  boilers. 

h,  h,  the  flues  and  seat  of  the  boilers. 

1,  I,  i,  transverse  cast-iron  beams  for  supporting  the  floor*,  &c. 
J,  J,  columns  for  supporting  these  beams. 

k,  k,  the  spur  fly  wheel  of  the  engine. 
l,  pinion  working  into  the  above. 
M,  m,  the  main  horizontal  shaft. 

N,  n,  n,  bevol  mortise  wheels  and  pinions  by  which  the  millstone  spindles 
are  driven. 

o,  o,  o,  the  standards  of  the  grinding  machinery. 

p,  p,  r ,  the  millstone  cases. 

q,  q,  the  large  garner  for  uncleaned  wheat. 

R,  spout  leading  from  the  garner,  u,  to 

a,  the  screening  machine. 

s',  the  dressing  machine. 

t,  a  fan  attached  to  the  wheat  screen. 

u,  spout  leading  from  the  wheat  screen  to 

v,  W|  the  first  elevator. 

X,  passage  conducting  the  grain  from  the  first  elevator  to 
t,  y,  y,  the  creeper,  by  which  it  is  distributed  into 
z,  z,  z,  the  garners  for  feeding  the  stones. 
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a',  a',  a',  the  feeding  pipes. 

n',  b',  b",  pipes  by  which  the  grain  is  delivered  into 
t',  t',  the  second  creeper  box,  conducting  it  to 
v',  w,  the  second  elevator. 
«,  bevel  wheel  and  pinion  giving  motion  to 

c',  the  vertical  shafts  of  the  mill. 
t»',  a  cast-iron  support  for  the  bearings  of  the  vertical  and  transverse 
horizontal  shafts. 

d,  bevel  wheel  and  pinion  giving  motion  to 
e',  b',  the  transverse  horizontal  shaft. 

c,  c,  a  set  of  small  bevel  gearing,  giving  motion  to 
p',  v\  the  longitudinal  horizontal  shaft. 

d,  e,f,  ff,  h,  if  pullevs  for  giving  motion  to  the  various  subordinate  machinerv 
of  the  mill.' 

g',  intermediate  shaft,  conveying  motion  to 
h',  Tsf,  the  sack  teagle. 

i',  a  lever  for  stopping  and  starting  the  sack  teagle. 

k',  k',  hatchways  by  which  the  sacks  are  admitted  or  withdrawn. 

The  next  example  of  a  corn  mill  on  a  large  scale  is  the 
recently  constructed  mills  of  Taganrog,  on  the  north  shore  of 
the  Black  Sea.  It  consists  of  86  pairs  of  stones  and  all  the 
machinery  requisite  for  grinding  180  to  200  bushels  of  clean 
dry  wheat  per  hour.  It  was  built  for  the  purpose  of  a  general 
trade,  and  a  bakery  for  bread  and  biscuit  for  the  Russian  navy ; 
but  the  machinery  for  this  latter  department  has  not  been 
erected,  and  the  operations  have  hitherto  been  confined  to 
grinding  alone. 

Plate  XI.  is  a  front  elevation  of  the  mill,  and  Plate  XII.  a 
plan  showing  the  position  of  the  engines.  The  engines  work  in 
concert  with  the  cranks  at  right  angles  ;  and  the  boilers,  which 
are  sunk  under  the  surface  of  the  ground,  immediately  adjoining 
the  engine  house,  are  fired  from  the  space  z'.  The  chimney  n 
is  placed  in  a  line  with  the  centre  of  the  engine  house  and  the 
mill.  Plate  XIII.  is  a  longitudinal  section  which  exhibits  the 
position  of  the  machinery,  millwork,  millstones,  &c. ;  and  Plate 
XIV.  exhibits  a  transverse  section,  taken  from  a  line  drawn 
through  the  centre  of  the  engine  house  and  the  fly  wheel. 

The  motive  power  is  supplied  by  two  100-horse  power  engines 
united  in  the  fly  wheel  I  (Plate  XIV.),  24  feet  5  inches  diameter. 
It  is  on  the  new  principle  of  a  first  motion,  with  230  teeth, 
4  inches  pitch,  and  14  inches  broad  on  the  tooth,  and  makes 
21-7  revolutions  per  minute.  The  engines  have  a  stroke  ot 
7  feet,  and  the  steam  is  supplied  by  six  boilers,  each  30  feet 
G  inches  long  and  7  feet  diameter.    The  chimney  is  octagonal 
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and  placed  40  feet  from  the  engine  house,  with  underground 
flues  and  an  outlet  of  5  feet  wide  at  the  top.  The  walls  are 
8  feet  6  inches  thick  at  the  bottom,  and  taper  to  1  foot  3  inches 
at  a  height  of  140  feet.  The  engines  are  situated  behind  in  the 
centre  of  the  mill,  and  the  power  is  given  off  at  both  sides  of 
the  pinion,  which  gears  into  the  fly  wheel  at  a  velocity  of  87*7 
revolutions  per  minute.  For  a  distance  of  14  feet  on  each  side, 
the  main  shafts  are  8£  inches  diameter,  for  a  farther  distance 
they  are  7^  inches  diameter,  and  from  this  point  they  taper 
respectively  to  6J  and  6  inches  diameter  on  both  sides.  The 
distance  between  the  centres  of  each  pair  of  stones  is  5  feet 
6  inches,  and  they  are  arranged  in  a  straight  line  running 
parallel  to  the  walls  through  the  entire  length  of  the  building. 
The  bevel  mortise  wheels  on  the  main  horizontal  shaft  arc  3  feet 
4 J  inches  diameter,  and  the  bevel  wheels  IT,  n,  n  on  the  millstone 
spindles  are  2  feet  1£  inches,  and  make  140  revolutions  per 
minute.  The  elevators  for  meal  d  d  rise  perpendicularly  at 
either  end  of  the  building  to  the  attic  story,  and  the  shaft  l  l 
for  driving  the  subordinate  machinery  in  the  different  flats 
rises  to  the  fifth  story,  giving  off  its  power  to  the  different 
machines  on  its  course  by  bevel  wheels.  The  third  story  of  the 
mill  contains  the  dressing  and  bolting  machines  F,  p  and  k,  k, 
also  the  wheat  bins  (Plate  XIII.)  v,v,v  for  the  supply  of  the  corn 
to  the  millstones.  These  wheat  bins  are  about  11  feet  square  and 
12  feet  high,  and  are  supplied  by  the  elevator  and  creeper  q  and 
v,  so  that  manual  labour  is  entirely  dispensed  with.  The  fourth 
story  contains  the  screening  machines  T,  T,  T,  and  the  garners 
for  the  bolting  machines  h,  h,  these  being  also  supplied  by 
creepers  and  elevators.  The  attic  story  contains  the  separators 
8, 8  and  the  hoists  A  ,  R  ,  &C«,  &C. 

The  wheat  enters  the  mill  from  the  granary  at  and  by  the 
elevator  q  is  carried  to  the  creeper  e,  by  which  it  is  conducted 
to  the  separators  8,  8.  Having  passed  through  the  separators, 
and  the  earthy  particles,  dust  and  small  grain,  having  been 
abstracted,  it  enters  the  wheat  screens  t,  t  ;  here  it  is  subjected 
to  a  thorough  brushing  and  the  dust  falls  through  the  wire 
gauze  of  which  the  screen  is  composed.  On  its  way  to  the 
creeper  u  it  is  subjected  to  the  action  of  fans  j,  j,  j,  which  blow 
out  any  remaining  dust ;  it  is  then  conveyed  by  the  creepers  to 
the  wheat  bins  v,  v,  v,  where  it  is  stored,  and  supplies  itself  in 
sufficient  quantity  through  the  feed  pipes  w,w,w  into  the  hoppers 
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A,  A,  A,  and  from  thence  descends  to  the  millstones  b,  b,  b.  After 
having  been  ground,  it  falls  through  to  the  meal  creepers,  by 
which  it  is  conveyed  to  the  elevators  d,  d,  and  from  thence,  by 
another  creeper,  to  the  dressing  machines  and  the  garners  for 
the  bolting  machines  h,  h,  h.  There  the  meal  undergoes  the  last 
process,  where  the  flour  is  separated  from  the  bran  and  is  ready 
to  be  stored  in  sacks  for  the  market.* 

This  large  establishment  was  originally  intended  not  only  for 
the  supply  of  biscuit  for  the  Russian  navy,  but  for  export  in  the 
shape  of  flour  in  place  of  wheat.  The  Crimean  war,  the  de- 
struction of  Sebastopol,  and  the  subsequent  treaty  of  peace, 
whereby  it  was  agreed  that  no  vessels  of  war  should  be  retained 
on  the  Black  Sea  excepting  those  for  the  protection  of  commerce, 
have  changed  the  objects  originally  contemplated  by  the  erec- 
tion of  these  mills,  and  have  caused  the  Company  to  abandon 
the  Baking  department,  and  confine  their  operations  to  the 
simple  process  of  grinding,  dressing,  &c. 

It  is  for  these  reasons  that  we  are  necessitated  to  confine  our 
description  to  the  various  processes  through  which  the  corn 
passes ;  and  as  the  construction  of  the  various  machines  and  the 
mechanical  appliances  for  the  saving  of  manual  labour  are 
described  in  detail  at  the  end  of  this  section,  further  reference 
to  them  here  is  rendered  unnecessary. 

In  order  to  make  the  description  as  complete  as  possible, 
we  append  a  list  of  wheels  and  speeds,  including  the  Table  of 
References,  which  will  also  be  found  serviceable. 

♦  Some  few  years  ago  two  conical  mills  were  introduced:  the  one  by  Mr. 
Schiele  of  Oldham,  which  consisted  of  a  conoid  of  stone  of  peculiar  form,  placed 
with  the  base  upward.*,  which  merely  fitted  into  a  block  of  stone  hollowed  out  to 
receive  it,  and  in  which  it  revolved.  The  form  given  to  these  stones  was  a  curve 
termed  the  equitangential  tractory,  which  by  revolving  on  its  axis  generates  the 
conoid. 

The  other  conical  flour  mill  was  the  invention  of  Mr.  Westrup.  The  points 
of  peculiarity  in  this  mill  were,  that  there  were  two  pairs  of  stones  to  each  mill. 
Between  the  two  pairs  of  stones  a  cylindrical  screen  of  about  2  feet  6  inches 
high  was  fixed.  The  lower  instead  of  the  upper  stones  revolved,  and  brushes 
were  attached  to  the  spindle,  in  the  space  between  the  two  sets  of  stones,  by 
which  the  finest  flour  is  brushed  through  the  vertical  cylinder.  The  bottom 
stones  are  convex,  and  make  about  250  revolutions  per  minute  ;  the  upper  ones 
are  concave,  and  about  2  feet  6  inches  diameter.  When  the  eye  hole  is  cut 
out,  it  leaves  some  9  inches  of  grinding  surface,  and  in  that  width  the  bevel  of 
the  cone  is  4  inches.  Cold  air  is  introduced  between  the  stones  by  means  of  a 
fan,  which  blows  out  the  meal  from  between  them.  The  stones  are  fed  by  means 
of  a  hopper  placed  on  one  side,  with  a  feed  pipe  in  the  top  of  it,  and  an  upright 
spindle  carrying  a  dish,  which,  revolving  quickly,  evenly  distributes  the  corn. 
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REFERENCES  TO  PLATES  XII.,  XIII.,  AND  XIV. 
x,  x,  the  walls  of  the  mill. 

T,  t,  T,  columns  for  strengthening  the  building  and  supporting  the  floors. 

a,  a,  a,  the  roof  of  the  building. 

f}  the  steam  engine  by  which  the  mill  is  driven. 

b,  the  cylinder. 

c,  the  condenser. 

d,  d,  the  feed  pipes. 

e,  the  governors. 
ff,  the  main  beam. 

h,  h,  the  foundations. 
/,  the  spur  fly  wheel  of  the  engine. 
m,  the  pinion  gearing  into  the  above, 
if,  X,  the  main  horizontal  shaft. 

N,  n,  bevel  mortise  wheels  and  pinions  by  which  the  millstone  spindles  are 
driven. 

o,  o,  the  standard  frame  and  inverted  cone  supporting  the  millstones, 
p,  P,  the  millstone  cases. 

Q,  the  elevator  for  lifting  the  wheat  from  the  garners  to  the  separator. 
R,  the  creeper  to  supply  the  separators, 
a,  a,  8,  the  separators. 
t,  t,  the  wheat  screens. 
( J,  J,  the  fan  attached  to  the  wheat  screens. 
V,  v,  u,  the  creeper  conveying  the  grain  to 
v,  v,  v,  the  wheat  bins,  and  through 
w,  w,  w,  the  feed  pipes,  to 

a,  a,  a,  the  hoppers,  and  to 

b,  b,  b,  the  millstones. 

c,  c,  c,  the  creeper  for  conveying  the  ground  corn  to 

d,  the  meal  elevator. 

K,  p.,  the  creeper  for  conveying  the  ground  corn  to  the  cooling  rooms  ready 
to  be  supplied  as  required  to 
p,  p,  the  dressing  machines. 

0,  o,  the  creeper  for  conveying  the  ground  com  to 
n,  h,  the  garners  of  the  bolting  machines. 

k,  k,  the  bolting  machines. 

L,  L,  the  shafts  for  driving  the  subordinate  machinery. 

b',  the  bevel  wheels  giving  motion  to  the  cross  shaft  of  the  dressing  machines. 

c',  bevel  wheels  giving  motion  to 

d',  the  cross  shaft  for  screening  machines. 

a',  a',  bevel  wheels  on  upright  shaft. 

1,  the  dust  chamber  for  the  wheat  screens, 
n,  the  chimney. 

o,  the  reservoir  for  supplying  the  boiler  of  the  engine. 

z,  the  store  room  for  flour. 

z',  the  space  from  which  the  boilers  are  fired. 

k',  cross  shaft  for  driving  fans  and  creepers. 

p',  p',  pulleys  for  driving  dressing  machines. 
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o',  a',  o',  pulleys  for  driving  screening  machines. 

n',  n',  n',  pulleys  for  driving  fans  for  screeas. 

I',  pulley  for  creeper  under  wheat  screen. 

j',  counter  shaft  under  separator. 

k',  k',  k',  pulleys  for  separators. 

l',  pulley  for  creepers  over  wheat  screen. 

m',  cross  shaft  for  creeper  over  wheat  garners. 

n',  spur  wheel  for  large  creeper  over  wheat  garners. 

o',  pulley  for  small  creeper  over  wheat  garners. 

p',  p',  pulleys  for  meal  creeper  on  ground  floor. 

u',  q',  pulleys  for  meal  elevators. 

r',  r',  the  chain  barrels  of  the  hoists. 

s',  a',  cross  shafts  for  bolting  machines. 

t',  t',  second  cross  shaft  for  bolting  machines. 

During  the  siege  of  Sebastopol  it  was  determined,  on  the  urgent 
recommendation  of  Assistant-Commissary-General  Julyan,  to 
effect  an  arrangement  for  supplying  the  troops  daily  with 
new  bread  and  fresh  flour  from  the  grain  of  the  surrounding 
country,  by  providing  the  means  of  converting  the  wheat  into 
flour  and  baking  it  upon  the  spot  by  a  floating  mill  and  bakery. 
Having  been  consulted  as  to  the  best  means  of  carrying  out 
this  proposal,  drawings  and  plans  were  prepared  for  the  mills 
and  ovens,  and  two  iron  screw  steamers,  subsequently  named 
the  Bruiser  and  the  Abundance,  were  purchased  by  the  Govern- 
ment for  adaptation  to  this  purpose,  and  were  fitted  with 
machinery  by  Messrs.  William  Fairbairn  &  Sons,  the  whole 
being  completed  in  less  than  three  months. 

It  is  curious  to  trace  the  history  of  the  means  by  which  large 
bodies  of  men  have  been  supplied  with  food,  and  the  obligations 
assumed  by  States  for  provisioning  armies  in  times  of  war.  We 
learn  that,  in  the  early  period  of  Roman  history,  grain  was  the 
only  article  of  food  issued  to  the  soldiers,  and  was  ground  by 
means  of  a  hand  mill,  which  formed  apart  of  every  man's  equip- 
ment ;  the  flour  was  simply  worked  into  a  paste  called  puis, 
which  constituted  the  principal  food.  The  constitution  of  modern 
armies  and  the  peculiar  character  of  modern  warfare  render  the 
soldier,  however,  more  dependent  upon  the  cares  of  the  adminis- 
tration than  was  the  case  with  the  ancients ;  and  we  have  seen 
how  prostrate  and  helpless  they  are,  when  deprived  of  the  re- 
sources of  a  well-conducted  and  far-seeing  commissariat.  TV 
French,  Spanish,  and  other  Continental  troops  can  live  upon  a 
moderate  allowance  of  vegetable  and  farinaceous  food,  and  a 
lump  of  oil  cake  will  maintain  a  Russian  for  a  week ;  but  it  is 
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widely  different  with  the  English,  who  become  disorganised 
when  their  rations  fail.  Under  these  circumstances  it  is  a 
matter  of  essential  importance  to  maintain  a  system  of  daily 
supply ;  and  hence  followed  the  introduction  of  the  floating  mill 
and  bakery. 

The  arrangement  of  the  floating  mill  is  shown  in  figs.  256, 
257,  258,  and  259.  Fig.  256  is  a  longitudinal  section  of  the 
vessel;  fig.  257  is  a  plan  of  the  machinery,  with  the  decks 
removed  and  partly  in  section ;  and  figs.  258  and  259  are  trans- 
verse sections  of  the  vessel. 

The  mill  machinery  is  all  driven  from  the  propeller  shaft  a 
(figs.  256  and  257),  which  is  driven  by  the  engines  b;  and  the 
whole  of  the  processes  are  performed  without  the  aid  of  manual 
labour.  The  wheat  is  stored  in  the  forehold  of  the  vessel,  and  is 
raised  by  an  elevator  into  the  screw  creeper  c,  which  conveys  it 
into  the  corn-dressing  machine  d,  where  it  is  cleaned  and  win- 
nowed. Thence  it  is  again  conveyed  by  the  elevator  e  and  the 
screw  creeper  p  into  the  hoppers  g  g  for  feeding  the  millstones 
H  H,  by  which  it  is  ground.  The  grain  is  fed  to  the  stones  by 
the  silent  feeders  i,  now  in  general  use  in  this  and  foreign  coun- 
tries. After  being  ground  by  the  millstones  h,  the  flour  or  meal 
is  delivered  into  the  screw  creeper  k,  which  conveys  it  to  the 
elevator  L,  by  which  it  is  delivered  into  the  flour-dressing 
machine  m  ;  it  is  here  freed  from  the  bran  and  filled  into  sacks, 
having  been  separated  into  a  fine  and  coarse  quality.  This  com- 
pletes the  whole  process.  The  propeller  shaft  a  is  exposed 
under  the  millstone,  but  covered  by  an  iron  trough  n  in  the 
other  parts  of  the  vessel. 

During  the  time  the  vessel  was  in  harbour  at  Balaklava,  the 
daily  produce  of  flour  from  this  mill  was  about  24,000  lbs.,  and 
that  from  very  hard  wheat,  full  of  small  gravel,  aud  consequently 
the  more  difficult  to  grind.  It  was  originally  intended  that  the 
mill  should  be  capable  of  producing  20,000  lbs.  of  bread  per 
day,  but  it  proved  equal  to  a  considerably  larger  production ; 
and  not  the  least  important  of  its  good  qualities  was,  that  it 
never  got  out  of  order  during  the  whole  period  of  service  in  the 
Black  Sea.  From  the  reports  made  to  the  Government  at  home 
respecting  its  working,  it  appears  that  important  advantages 
were  gained  by  the  introduction  of  this  machinery  for  the  use 
of  the  troops.  There  is  probably  no  description  of  food  so 
essential  to  the  maintenance  of  health  and  the  recovery  of  the 
sick  as  fresh  flour  and  fresh  bread;  and  the  salutary  effects 
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produced  upon  the  health  of  the  troops  and  the  number  of  lives 
saved  in  the  late  war,  by  the  abundant  supply  of  wholesome 
bread  and  flour  that  was  poured  into  the  camp  during  the  latter 
part  of  the  siege,  forcibly  suggest  the  necessity  of  a  light 
portable  steam  engine  and  mill  for  grinding  being  constantly 
attached  to  the  camp,  whenever  or  wherever  an  army  takes  the 
field.  This  can  be  done  at  a  very  moderate  cost,  and,  in  my 
opinion,  no  army  should  attempt  to  take  the  field  without  it. 
The  whole  affair  would  not  exceed  the  weight  of  a  heavy  siege 
gun,  such  as  now  accompanies  our  armies ;  and  there  appears 
no  practical  difficulty  in  the  way  of  introducing  an  engine 
capable  of  supplying  newly-baked  bread,  from  an  oven  con- 
structed in  the  smoke  box  of  a  portable  locomotive  engine 
mounted  on  wheels  and  prepared  to  grind  at  the  same  time. 

The  results  of  the  working  of  the  floating  com  mill  are  given 
in  the  official  reports  at  20  tons  of  flour  ground  per  day  of 
24  hours  when  constantly  in  full  work ;  and  18,000  lbs.  of 
bread  in  3  lb.  loaves  produced  daily  from  the  bakery.  This  rate 
of  work  was  continued  uninterruptedly  for  many  months,  and 
the  machinery  answered  completely  the  object  intended.  The 
total  quantity  of  bread  produced  in  three  months  from  January 
1  to  March  31,  1856,  was  1,284,747  lbs.;  and  the  expenses  of 
working  were  2,01 71,  or  3s.  2d.  per  100  lbs.  of  bread  made, 
including  the  expense  of  a  sea  establishment  for  the  vessel, 
which  would  not  be  required  where  the  vessel  was  stationary. 
The  quantity  of  flour  ground  in  the  same  period  was  1,331,792  lbs. 
with  358,172  lbs.  of  bran,  the  wheat  supplied  being  1,776,780  lbs.; 
the  expenses  of  working  were  2,050£.,  or  2*.  4d.  per  100  lbs.  of 
wheat  ground,  or  3*.  Id.  per  100  lbs.  of  flour  produced.  The  total 
cost  of  the  flour  produced  was  therefore  about  25*.  3d.  per  100 
lbs.,  the  wheat  costing  about  18*.  per  100  lbs.  and  the  value  of 
the  bran  being  deducted  at  7*.  per  100  lbs.  or  less  than  Id.  per  lb. 

The  grinding  of  wheat  was  found  to  be  performed  quite 
satisfactorily  whilst  the  vessel  was  at  sea,  even  in  a  heavy  swell 
causing  an  excessive  motion,  which  tried  the  fitness  of  the 
machinery  for  the  work  to  an  unusual  degree ;  the  grinding 
whilst  the  vessel  is  performing  her  voyage  being  obtained  from 
the  same  power  that  propels  her.  On  one  occasion,  when  the 
vessel  was  steaming  6£  knots  or  7£  miles  per  hour,  10  sacks  of 
168  lbs.  each  or  1,680  lbs.  of  wheat  were  ground  per  hour,  and 
t  he  mill  was  kept  in  constant  work  for  35  hours,  the  men  being 
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divided  into  watches  of  4  hours  each ;  the  mill  continued  work- 
ing well  throughout,  and  was  found  to  run  more  regularly  than 
when  the  screw  was  disconnected. 

The  mill  machinery  of  the  Bruiser  is  similar  to  that  ordi- 
narily employed  on  shore  in  this  country,  with  such  modifi- 
cations only  as  were  necessary  to  adapt  it  to  its  novel  position, 
and  fit  it  to  sustain  the  constant  and  varying  motion  of  the 
vessel  at  sea.  These  difficulties  were  overcome,  and  the  mill 
was  found  to  answer  admirably,  grinding,  in  almost  all  weathers, 
at  the  rate  of  20  bushels,  or  1,120  lbs.,  of  flour  per  hour,  and 
that  at  a  time  when  the  vessel  was  steaming  at  7£  knots  or 
8£  miles  per  hour,  both  the  mill  machinery  and  the  ship  being 
propelled  by  the  same  engines,  which  were  constructed  by 
Messrs.  Robert  Stephenson  &  Co.,  of  80-horse  power. 

Details  of  Machinery. 

The  elevator  consists  of  a  long  endless  chain  of  small  buckets 

formed  of  tin  plate,  and  mounted  at  regular 
distances  upon  a  leather  or  canvas  band 
passing  over  two  pulleys  inclosed  within 
the  cast-iron  frames  v,  v,  and  the  wooden 
boxes  w,  w. 

The  uppermost  of  these  pulleys  is  driven 
at  a  moderate  velocity  by  a  belt,  and  the 
buckets,  passing  in  succession  the  opening 
*  (which  is  kept  constantly  supplied  with 
the  material  to  be  raised  by  means  of  an 
inclined  spout),  become  each  charged  with 
a  certain  portion,  which  is  carried  up  one 
side,  and  from  which  it  falls  through  the 
spout  x  into  the  garner  or  the  machine 
prepared  for  its  reception.  From  this  it 
will  be  seen  that  the  buckets,  having  dis- 
charged their  contents  into  the  spout  I, 
descend  empty  on  the  opposite  side,  ready 
to  receive  or  take  up  their  respective  load 
as  they  pass  the  feed  spout  T,  under  the 
lower  pulley. 

The  lower  part  of  the  elevator  is  shown 
in  fig.  261.  It  consists  of  two  cast  iron 
frame  plates  a,  b,  bolted  together,  about  a 
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quarter  of  an  inch  in  thickness,  upon  which  grooves  are  cast 
for  the  reception  of  the 
sheet-iron  plates  c,  d,  and 
e,/,  which  are  bent  to  the 
shape  of  the  frame  plates, 
and  inserted  in  the  groove, 
forming,  when  the  bolts 
ht  k,  are  screwed  tight,  a 
neat  and  compact  box. 

The  creeper  (fig.  262) 
is  an  Archimedian  screw 
worked  in  conjunction 
with  the  contrivance  just 
described,  which  is  applic- 
able to  the  raising  of  the  grain  or  flour  from  a  lower  to  a 
higher  level.    For  horizontal  transport  modern  millwrights 


Fig.  2G2. 


Fig.  263. 


make  use  of  this  apparatus,  which  is  an  application  of  a  well- 
known  principle  for  the  abridgment  of  manual  labour.  This 
creeper  consists  of  a  long  endless 
screw  with  a  wide  pitch  and  project- 
ing thin  threads,  inclosed  in  a  wooden 
box  or  trough,  of  dimensions  slightly 
greater  than  its  own  diameter.  It 
is  made  to  revolve  on  its  axis  by 
means  of  a  belt  and  pulleys,  at  a 
velocity  corresponding  with  that  of 
the  elevators ;  and,  being  restricted 
from  moving  longitudinally,  the 
threads,  or  rather  leaves,  of  the 

screw  force  the  grain  introduced  at  one  end  of  the  trough 
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to  the  other.  The  action  of  the  screw  in  the  case  of  the 
creeper  is  identical  in  its  nature  with  that  of  the  endless  screw 
in  giving  motion  to  a  worm  wheel. 

The  material  employed  is  cast  iron ;  the  creeper  is  made  in 
6  feet  lengths,  each  length  being  in  the  form  of  a  tube  3£  inches 
in  diameter,  and  about  $  of  an  inch  thick,  with  broad  leaves  or 
threads  cast  round  it,  after  the  manner  of  an  Archimedian 
screw.  The  thickness  of  the  threads  does  not  exceed  -fa  of  an 
inch  at  the  outer  extremity. 

The  different  lengths  of  which  the  entire  creeper  is  composed 
are  joined  together  by  short  wrought-iron  studs*,  #  (fig.  264), 

Fij?.  264. 


@  nip 


forming  also  the  journals  on  which  it  revolves.  These  are 
made  with  square  tails  fitted  into  similar  holes  formed  in  the 


l  ip.  265. 


centre  of  the  small  cylindrical  blocks  w,  w,  which  are  carefully 
turned  on  their  exterior  surfaces,  and  driven  into  the  open  ends 
of  the  pipes  t  y  (figs.  262  and  263),  previously  bored  to  the  same 
diameter. 
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This  construction  at  once  insures  a  strictly  rectilinear  axis 
for  the  entire  range,  whatever  may  be  its  length.  The  arrow 
(fig.  262)  indicates  the  direction  in  which  a  creeper,  constructed 
in  the  manner  shown  in  the  general  view,  would  propel  the 
grain. 

Fig.  26G. 


The  separator  (fig.  265)  consists  of  a  wire  cylinder  a  b, 
divided  into  partitions  by  a  screw  c,  with  long  leaves  and 
coarse  thread,  through  which  the  wheat  slowly  travels  and 
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keeps  falling  by  its  own  weight,  as  it  moves  forward  from  one 
extremity  of  the  screen  to  the  other.  The  space  underneath 
the  wire  cylinder  is  divided  into  chambers  by  partitions.  From 
e  to  /,  in  the  first  compartment,  the  wire  of  the  cylinder  is  so 
close  as  only  to  admit  of  dust  passing  through ;  from  c  to  g,  in 
the  second,  the  wire  is  arrangod  for  only  small  wheat ;  and 
from  g  to  h,  in  the  third,  the  large  grains  of  wheat  are  freely 
delivered  into  the  spout  k,  from  which  they  are  conveyed  to  the 
wheat  screen.  Should  there  be  any  stones  or  large  substances 
in  the  wheat,  they  are  cast  out  at  *.  A  whalebone  brush  p  b 
serves  to  free  the  machine  from  all  grains  of  wheat  which  fasten 
themselves  between  the  meshes  of  the  wires.  As  fast  as  the 
brush  wears  away,  its  position  is  regulated  and  maintained  by 
the  adjusting  screws  I  m.  The  cylinder  and  the  screw  are  con- 
nected together,  and  revolve  at  a  velocity  of  20  revolutions  per 
minute. 

The  screening  machine  is  constructed  as  shown  in  the  draw- 
ing (fig.  266).  The  cylinders  a  b  of  these  machines  vary  from 
4  feet  to  8  feet  long.  The  annexed  is  a  small  one,  4  feet  2 
inches  long  and  1  foot  4  inches  diameter,  covered  with  6  by  8 
wire  gauze,  and  has  an  inclination  of  1  in  2. 

Rings  of  wood  e,f,  g,  £  in.  thick  and  2\  deep,  are  placed  round 
the  cylinders  at  distances  of  4£  inches.  To  bind  the  rings  to- 
gether, horizontal  planking  is  used,  as  shown  at  c  and  d,  in  the 
transverse  section,  by  reference  to  which  it  will  be  seen  that 
the  cane  brushes  do  not  touch  the  wire  gauze,  but  that  -Jff  of 
an  inch  clearance  is  allowed.  The  brushes  revolve  in  the  cylin- 
der at  a  velocity  of  from  350  to  400  revolutions  per  minute,  and 
by  this  action  the  corn,  which  enters  the  machine  by  a  wooden 
spout  through  the  opening  I,  is  brushed;  the  dust  passing 
through  the  wire  gauze  falls  into  the  close  chamber  k,  whilst 
the  corn  travels  to  the  end  of  the  cylinder  a  b,  where  a  spout  m 
is  fitted  for  its  reception.  On  its  passage  from  this  spout 
to  the  space  o,  it  is  exposed  to  the  action  of  a  current  of  air 
from  the  fan  g,  which  clears  it  of  dust  through  the  aperture  s. 

The  proper  distance  of  the  cane  brushes  from  the  wire  gauze 
is  maintained,  as  they  wear  away,  by  the  screws  t  and  v,  and 
the  shaft  on  which  the  brushes  are  fastened  is  adjusted  by  the 
screws  u  w;  A.  is  the  dust  hole  at  the  bottom  of  the  machine, 
12  inches  square,  through  which  the  dust  is  taken  as  often  as 
necessary  from  the  chamber  k.    By  the  door  e,  convenient 
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access  to  tlie  machine  is  afforded,  and  the  dusting  and  cleaning 
rendered  easy. 

Fig.  267  is  an  outside  elevation  of  the  screening  machine, 
which  shows  the  cast-iron  frame  lined  with  wood.    The  screws 
w  w,  which  regulate  the  shaft  t,. 
on  which  the  brushes  are  fixed, 
are  screwed  into  projections  a  b 
cast  on  the  frame ;  and  by  the 
slots  and  screws  c,  d,  e,  /,  the 
whole  of  the  brackets  a  b  can 
be  raised  and  depressed  as  ne- 
cessity requires. 

In  some  mills,  besides  the 
separator  already  described,  a 
smut  machine  is  used. 

The  corn  enters  the  machine 
by  the  spout  a  (fig.  268),  and 
falls  upon  the  cast-iron  plate  b, 
c,  which,  revolving  with  the 
shaft  d,  and  the  beaters  e,  /,  g, 
h,  1c,  I,  at  a  velocity  of  450  to 
500  revolutions  per  minute, 
throws  the  corn  to  the  extremity 
of  the  cylinder  m  n,  where  it 
comes   into  contact  with  the 

beaters,  which,  together  with  the  fan  o',  as  the  corn  passes 
through,  take  away  the  greater  portion  of  the  dust  and  foreign 
matter.  Owing  to  their  not  being  surrounded  by  a  wooden  fram- 
ing, these  machines  are  placed  in  a  closed  room  by  themselves. 

Fig.  268  represents  a  section  of  a  machine  of  this  kind  ;  the 
cylinder  m  n  is  1'  7"  diameter,  by  4'  6"  long,  covered  with  6  by  8 
wire  gauze,  and  is  surrounded  at  intervals  of  9  inches  by  rings 
of  iron  p,  q,  r  a'.  Inside  the  cylinder  two  arms  of  cast  iron  * 
and  t  are  placed,  and  bolted  on  these  arms  are  six  pieces  of 
iron,  as  shown  in  the  cross  section.  The  arms  are  keyed  on  the 
shaft  d,  which  is  driven  by  the  pulley  v,  for  the  bearing  of 
which  circular  rings  a,  y,  are  made  and  fitted  in  the  box  w, 
and  the  whole  is  supported  by  the  framework  a,  b.  By  the 
spout  c,  c  the  corn  is  conveyed  to  the  screening  machine,  or 
the  millstones,  and  by  the  passage  D  the  hollow  grain  and  heavy 
dust  fall  into  the  spout  e,  and  the  dust  into  a  chamber  at  p. 
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This  description  of  smut  machine  is  the  one  most  in  use  at 
present,  having  completely  superseded  the  American  wheat 
screen. 

Pig*  2fiS. 


Another  sort  of  wheat  screen  or  smut  machine  has  been 
patented  by  Mr.  James  Walt  worth. 

Jt  consists  of  a  number  of  cylinders,  ab,  cd>e  /,  g  h  (fig.  269), 
covered  with  wire  gauze.  The  outer  covering  of  wire  gauze  is 
taken  away  from  the  cylinder  c  d  and  e  f9  in  order  to  show  the 
internal  cylinders,  also  covered  with  wire  gauze  and  grooved 
plates.  These  cylinders  are  supported  by  rings  of  cast  iron 
fastened  to  the  projections  8,  t,  v,  w,  &c,  on  the  cast-iron  columns 
c,  b,  &c. 

The  wheat  enters  the  machine,  which  revolves  at  a  velocity 
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of  500  revolutions  per  minute,  by  the  spout  a  ;  it  then  passes 
between  perforated  grooved  plates  in  the  first  cylinder,  like 
those  shown  at  o  pf  y  z,  in  cylinder  c  d.  After  passing  through 
these  perforated  grooved  plates  q  r,  where  it  is  scrubbed,  the 
corn  descends  between  the  wire  gauze  of  the  internal  and  external 
cylinder,  where  (the  outward  cylinder  being  stationary,  and  the 
internal  cylinder  revolving)  it  is  exposed  to  a  severer  brushing, 
without,  however,  injuring  the  grain.    Having  passed  through 
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all  the  cylinders  successively,  it  falls  into  the  spout  L,  and 
on  its  passage  to  the  part  m'  it  is  exposed  in  the  box  o  to 
the  action  of  a  powerful  fan  p,  which  draws  up  all  the  light 
grain,  dust,  &c,  and  ejects  them  at  H.  By  the  cast-iron  box 
e  l,  convenient  access  is  afforded  to  the  footstep  m.  The  opening 
K  admits  the  air  under  the  perforated  plate  for  the  fan.  n  is  a 
pedestal  for  the  fan  shaft  o,  and  t  a  bracket  which  serves  as  its 
bearing.  The  fan  is  driven  by  the  pulley  P,  which  is  connected 
by  the  strap  q  with  the  pulley  r,  keyed  on  the  shaft  8. 
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The  value  of  this  machine  consists  in  the  large  amount  of 
scrubbing  surface  over  which  the  corn  passes.  Slight  modifi- 
cations of  this  machine  are  made  for  Egyptian  corn,  which  is 
first  washed,  and  then  run  through  the  cylinders  of  the  machine. 

The  Framing. — A  cast-iron  standard  or  framing  a,  a  (fig. 
270),  securely  bolted  to  a  stone  foundation  by  two  holding  down 


Fig.  870. 


bolts,  incloses  the  principal  part  of  the  driving  and  adjusting 
gearing  for  each  pair  of  stones.  It  is  made  in  the  form  of  an 
oblong  box,  and  is  traversed  by  two  horizontal  diaphragms  or 
partitions,  cast  of  a  piece  with  it ;  the  upper  one  for  sustaining 
the  footstep  of  the  mill  spindle  and  its  adjusting  apparatus,  and 
the  lower  for  carrying  the  plummer  block  of  the  driving  shaft. 
It  is  surmounted  by  a  large  bell-shaped  casting  b  b,  called  the 
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cone,  firmly  bolted,  by  a  flange  at  its  lower  end,  to  the  standard, 
while  the  upper  extremity  is  expanded,  and  terminates  in  a 
cylinder  of  a  diameter  somewhat  greater  than  that  of  the 
millstones,  in  which  the  lower  (called  the  bedstone)  rests 
and  is  secured  within  it.  Two  straight  and  broad  flanges  are 
cast  at  opposite  sides  of  the  cylindrical  part,  for  the  purpose 
of  bolting  the  cone  to  the  beams  of  the  mill,  or  to  the  same 
part  of  the  framing  of  the  contiguous  pairs  of  stones ;  while 
another  circular  flange  passes  all  round,  for  sustaining  the 
flooring.  Three  large  openings  are  left  in  the  upper  part  of  the 
cone  to  give  access  to  the  interior,  and  it  is  provided  with 
suitable  arrangements  for  the  reception  of  the  several  ad- 
justing screws  required  for  the  setting  of  the  lower  stone. 


Pig.  271. 


Fig.  271  represents  a  plan  of  the  cone,  showing  the  openings 
and  the  number  and  disposition  of  the  adjusting  screws  above 
alluded  to. 

The  Stone  Case  and  Feeding  Hopper. — Above  the  cone,  and 
of  the  same  diameter  with  the  cylindrical  part  of  it,  is  placed 
the  stone  case  c  (fig.  270),  which  surrounds  the  upper  stone, 
and  serves  to  cod  fine  the  flour  which  is  the  result  of  the  grind- 
ing. This  is  simply  a  cylinder  of  thin  sheet  iron,  resting  upon 
the  stone  floor,  and  having  affixed  to  the  top  of  it  a  ring  of 
wood,  on  which  the  tripod  for  supporting  the  feeding  apparatus 
is  set.  This  cover  is  made  open  in  order  to  admit  the  air 
freely  between  and  around  the  stones  during  the  process  of 
grinding.    A  cast-iron  ring  D  d  (fig.  270),  supported  by  three 
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malleable  iron  legs,  a,  a,  a,  forms  a  sort  of  tripod,  in  which 
is  placed  the  hopper  e,  which  receives  the  grain  from  the 
garners  above,  through  the  feeding  pipe  or  spout  b,  and  sup- 
plies it  to  the  stones  by  means  of  the  feeding  apparatus  to  be 
hereafter  described.  A  piece  of  coarse  wire  gauze  is  placed  in 
the  hopper,  to  intercept  any  foreign  body  that  may  descend 
with  the  grain. 

An  enlarged  view  of  the  ring  d  is  shown  in  fig.  272. 

Fig.  272. 


Fig.  273. 


The  Driving  Gear. — The  driving  shaft  f  (fig.  270)  is  part  ot 
the  line  of  horizontal  shafting  which  is  common  to  the  whole 
range,  and  receives  its  motion  from  the  prime-mover,  generally 
through  the  intervention  of  a  single  pair  of  wheels.  The  ve- 
locity of  this  line  of  shafting  is  usually  from  70  to  80  revolutions 
per  minute,  with  stones  of  the  diameter  of  those  in  our  examples. 

The  different  lengths  of  which  it  is 
composed  are  connected  together  by 
couplings  of  the  same  description  as 
that  described  and  represented  at 
fig.  213,  page  363  of  this  work.  The 
shaft  f  revolves  in  brass  bearings, 
fitted  into  a  plummer  block  o  ( fig. 
273),  bolted  to  a  sole  formed,  as  before 
noticed,  in  the  standard  A  (fig.  274). 
The  strain  of  the  shaft  being  entirely 
in  a  downward  direction,  this  plummer  block  requires  no  cover, 
the  journal  being  simply  protected  from  injury  by  a  slight 
brass  cap. 

A  large  bevel  mortise  wheel  h  h  (figs.  270  and  274),  w< 
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into  the  pinion  i,  on  the  mill  spindle,  serves  to  transmit  the 
motion  of  the  shaft  p  to  the  latter.  These  wheels  are  made 
with  the  greatest  possible  care  and  accuracy,  so  as  to  work 

Vig.  274. 


together  very  smoothly.  The  pinion  is  not  fixed  immovably 
upon  the  spindle,  but  is  capable  of  sliding  vertically  upon  it  by 
men  us  of  a  sunk  feather. 

The  Mill  Spindle  and  its  A  ppendages. — The  mill  spindle  J,  J 
(figs.  270  and  292)  is  made  of  the  best  forged  iron  accurately 
turned  over  its  entire  length,  and  rises  perpendicularly  through 
the  standard  a,  the  cone  b,  and  the  lower  millstone.  It  is  attached 
to  the  upper  or  running  stone  by  means  of  a  cast-iron  piece  k 
(figs.  270  and  275),  called  the  rhind,  which  combines  this  function 
with  that  of  regulating  and  delivering  the  supply  of  grain  to  the 
stones.  It  will  be  observed  by  the  drawings  (fig.  275),  that  it 
forms  a  species  of  universal  joint,  the  small  steel  cross  head  c  c, 
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on  the  top  of  the  mill  spindle,  fitting  into  corresponding  bearings 
in  the  rhind,  while  the  projecting  tails,  d,  d,  cast  upon  it  at  right 
angles  to  the  former,  work  in  similar  bearings  formed  of  small 
cast-iron  pieces  sunk  into  the  stone.    By  this  arrangement  it 

Fig.  275. 


will  be  observed  that  the  connection  between  the  mill  spindle 
and  the  upper  stone  is  complete,  while  at  the  same  time  it  ad- 
mits of  the  free  and  unconstrained  action  of  the  latter  against 
the  grinding  surface  of  the  lower  stone. 

The  lower  or  fixed  stone  is  perforated  by  a  large  square  hole 
in  its  centre,  into  which  the  cast-iron  block  l  (fig.  276)  is 
firmly  fixed  by  slips  of  wood  and  wedges.  Into  this  block  are 
fitted  the  three  brass  bushes  e,  0,  e,  which  form  the  upper  bear- 
ing of  the  mill  spindle.  These  are  adjusted  by  means  of  the 
wedges/,/,/,  the  screwed  tails  of  which  pass  downward  through 
the  ring  g  (fig.  277),  and  are  regulated  by  thumb  screws  on  each 
side  of  it.  The  large  openings  in  the  cone,  before  alluded  to, 
afford  access  for  the  working  of  these  screws.  Small  semicir- 
cular chambers  are  formed  in  the  socket  l  (fig.  276),  between 
each  bush,  and  filled  with  hemp  and  tallow  for  the  lubrication 
of  the  mill  spindle ;  and  the  whole  is  carefully  protected  from 
dust  by  slips  of  sheet  iron  Bcrewed  over  it. 

The  MUUtone8. — The  diameter  of  the  millstones  most  in  use 
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at  the  present  day  is  4  feet,  and  their  thickness  about  12  inches  ; 
one-half  of  this  thickness  is  composed  of  French  burr,  a  very 
hard,  though  porous,  mineral  of  a  siliceous  nature ;  the  other 
half  is  made  up  of  plaster  of  Paris.     In  consequence  of  the 

Fig.  276. 


difficulty  of  obtaining  sufficiently  large  masses  of  the  French 
stone,  it  is  usual  to  construct  the  millstones  in  segments,  which 

Fig.  277. 


are  cemented  together,  and  the  whole  firmly  bound  by  iron 
hoops  passing  round  the  circumference.  The  lower  stone  is,  in 
the  first  instance,  carefully  dressed  into  a  perfectly  flat,  plane 
surface ;  but  the  upper  one  is  made  slightly  hollow  for  a  small 
distance  from  the  central  aperture,  so  as  to  allow  the  grain  to 
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Fig.  278. 


be  freely  admitted  between  the  stones.    Being  thus  prepared, 
the  circumference  of  the  stone  is  divided  into  1 1  equal  parts 
(fig.  278)  ;  lines  are  drawn  from  each  division  to  the  centre; 
these  radii  determine  the  limits  of  the  grooves  in  each  compart- 
ment.   A  chord  b'  c!  is  then 
drawn,  joining  the  bounding  radii 
of  any  two  compartments;  this 
chord  is,  of  course,  bisected  by 
the  intermediate  radius  J  a',  in 
d\    Divide  the  line  d'  c  into  four 
equal  parts  in  the  points  c',  /,  ^, 
and  from  these  points  mark  off, 
on  the  line  d',  c'9  distances  equal 
to  the  width  of  the  groove  to  be 
cut,  which  is  generally  from  \{ 
to  If  inches  wide;  then  draw 
through  all  these  points  of  divi- 
sion lines  parallel  to  the  radius 
j  a',  terminating  them  in  the  radius  J  c'.     These  are  the 
outlines  of  the  grooves,  which  are  then  to  be  cut  into  the 
stone,  perpendicularly  on  one  side,  and  obliquely  on  the  other, 
so  that  each  furrow  shall  have  a  sharp  edge.    The  direction  of 
the  grooves  being  the  same  in  both  upper  and  lower  stones, 
they  lie  on  their  backs  in  the  position  proper  for  being  cut,  il 
is  obvious  that,  when  the  former  is  reversed  and  set  in  motion, 
their  sharp  edges  will  meet  each  other  after  the  manner  of  a 
pair  of  scissors  (as  partially  shown  by  the  dotted  lines  in  fig. 
278),  and  thus  grind  the  corn  more  effectually  when  it  is  sub- 
jected to  the  action  of  the  unbroken  surfaces  between  tb 
channels.    The  land,  or  portion  of  stone  between  each  furrow, 
is  cut  like  the  teeth  of  a  file,  with  from  11  to  18  fine  grooves  to 
the  inch,  at  an  angle  of  about  45°  with  the  furrows.    A  brush 
is  placed  on  the  side  of  the  top  millstone  to  clear  the  cylindrical 
cover  of  the  flour  at  each  revolution. 

Adjustment  of  the  Lower  Stone. — It  is  essentially  important 
to  the  proper  working  of  any  pair  of  stones,  that  the  grinding 
surface  of  the  lower  stone  should  be  perfectly  level,  and  that  its 
centre  should  be  exactly  perpendicular  above  that  of  the  lower 
bearing  of  the  mill  spindle.  To  secure  the  fonner  of  these 
conditions,  three  pinching  screws  h,  h,  h  (figs.  270  and  279)  are 
fitted  into  the  cone  (that  number  being  greatly  preferable  to 
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Fig.  279. 
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four  in  adjusting  the  level  of  any  surface),  and,  bearing  against 
small  slips  of  iron  sunk  into  the  stone,  it  can  be  raised  or 
depressed  by  them  to  any  required  ex- 
tent. Fig.  279,  h,  shows  the  screw  for 
levelling  the  lower  stone  on  an  en- 
larged scale.  The  centring  of  the  stone 
is  effected  by  means  of  four  pinching 
screws  i,  i,  i,  i  (figs.  270  and  271),  act- 
ing horizontally  upon  it.  Fig.  279,  i, 
shows  this  screw  on  an  enlarged  scale. 

To  secure  it  against  deviating  from  the  truth  after  having  been 
properly  adjusted,  all  these  screws  are  provided  with  jam  nuts. 

Adjustment  of  the  Mill  Spindle. — The  lower  bearing  or  foot- 
step of  the  spindle  j  (fig.  270)  is  also  made  capable  of  nice 
adjustment,  both  horizontally  and  vertically.  The  former  is 
necessary  in  order  to  insure  the  accurate  working  of  the  driving 
wheel  and  pinion,  and  the  latter  to  regulate  the  pressure  of  the 
upper  upon  the  lower  stone,  and  to  compensate  for  the  changes 
produced  upon  both  by  the  frequent  dressings  which  their 
grinding  surfaces  have  to  undergo. 

The  footstep  k  (figs.  270  and  280),  which  is  of  gun  metal,  is 
turned  and  fitted  accuratel}'  into  a  cast-iron  socket  I,  resting 
on  the  upper  diaphragm  of  the  stan- 
dard a  (fig.  270)  ;  the  hole  into  which 
it  is  inserted,  and  the  annular  recess 
by  which  it  is  surrounded,  being  made 
of  somewhat  greater  diameter  than  the 
corresponding  parts  of  the  socket  it- 
self.   Its  exact  position  is  determined 
and  secured  by  the  four  radial  pinch- 
ing screws  m,  m,  m,  m  (fig.  281),  pass- 
ing through  the  ring  and  working  in 
nuts  fitted  into  recesses  cast  upon  its  M 
interior  surface  (fig.  282). 

The  footstep  k  is  not  fixed  immovably  into  the  socket  I,  but 
is  capable  of  sliding  vertically  into  it.  Its  proper  position  in 
this  direction  is  regulated  by  means  of  a  strong  wrought-iron 
lever  m  (figs.  270  and  283),  having  its  centre  of  motion  in  the 
back  of  the  standard  a,  while  its  opposite  end  projects  through 
a  slot,  and  is  raised  or  depressed  by  means  of  a  screwed  rod  n 
(figs.  270  and  284)  jointed  to  it,  and  passing  through  a  project- 
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ing  shelf  cast  upon  the  front  of  the  standard.  A  small  link  of 
saddle  n  (figs.  270  and  285)  serves  to  connect  the  lever  with 

Fig.  281. 


the  footstep  k ;  the  saddle  being  provided  with  a  square  tail, 
which  is  inserted  into  a  similar  recess  in  the  under  side  of  the 

Fig.  283. 
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footstep  ;  by  which  means  the  latter  is  prevented  from  turning 
in  its  socket.    Thus  it  will  be  seen  that  the  entire  weight  of 

Fig.  284. 


the  upper  stone  and  mill  spindle  rests  upon  the  lever  m,  and 
that  the  miller  is  enabled  to  vary  at  pleasure  the  pressure  upon 

Fig.  286. 


Fiff.  285. 


the  grain  between  the  stones,  and  consequently  the  degree  of 
fineness  of  the  flour  produced,  by  simply  turning  the  nut  of  the 
screw  N,  by  means  of  the  key  o  (figs.  270  and  286). 
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The  Feeding  Apparatus. — By  the  old  process  the  stones  were 
fed  by  a  clapper,  fixed  on  the  top  of  the  running  millstone, 
striking  the  end  of  a  shoe  or  trough  fixed  to  the  under  side  of 
the  hopper,  through  which  the  grain  travelled,  when  slightly 
inclined,  into  the  eye  of  the  stone,  every  time  it  received  a  blow 
from  the  clapper.  An  improvement  on  this  primitive  apparatus 
was  effected  by  the  introduction  of  the  damsel,  formed  of  an 
iron  spindle  with  three  blades,  which  acted  against  the  side  of 
the  shoe,  causing  a  vibratory  motion,  and  propelling  the  grain 
forward  in  a  uniform  stream  into  the  eye  of  the  stone,  as  shown 
at  a  (fig.  287).    The  damsel  was  a  great  improvement  on  the 


Pig.  287. 


clapper,  and  continued  in  general  use  until  the  centrifugal  or 
silent  feed  was  introduced.* 

In  this  arrangement,  the  supply  of  grain  admitted  between 
the  stones  is  regulated  by  means  of  a  cast-iron  pipe  o  (figs.  270 
and  288)  open  at  both  ends,  the  lower  end  being  brought  into 
close  proximity  with  the  rhind,  while  the  upper  part  encloses 
the  pipe  in  which  the  feeding  hopper  e  (fig.  270)  terminates. 
It  is  suspended  by  means  of  a  cast-iron  lever  p,  which  has  its 
fulcrum  in  the  small  column  p  (fig.  270),  depending  from  the 
tripod  d.  A  small  chain  attached  to  the  end  of  the  lever,  and 
passing  over  a  friction  pulley  at  the  bottom  of  the  stone  case, 

*  On  its  first  introduction  the  author  had  to  contend  against  many  opponents 
who  looked  upon  the  new  system  of  feeding  as  an  innovation.  Had  it  been  a 
patent  it  would  probably  have  come  much  earlier  into  general  use. 
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serves  to  connect  this  feeding  apparatus  with  an  ingenious  little 
piece  of  mechanism  q  (figs.  270  and  289),  attached  to  the 

Fig.  288. 


standard,  by  which  the  miller  is  enabled  to  regulate  the  supply 
with  the  greatest  nicety.    This  contrivance,  as  shown  in  fig. 

Fig.  289. 


289,  consists  of  a  small  hand  wheel  q,  working  between  the 
cheeks  of  a  double  bracket  bolted  to  the  standard  a.  A  small 
screwed  pin  forms  the  axis  of  this  wheel ;  it  passes  freely  through 
the  cheeks  of  the  bracket,  but  is  screwed  into  the  eye  of  the 
hand  wheel,  and  is  prevented  from  turning  with  it  by  means  of 
a  feather  inserted  into  the  former,  and  fitting  into  a  groove  cut 
throughout  the  entire  length  of  the  pin,  to  the  upper  end  of 
which  the  chain  is  attached.  By  this  arrangement  it  is  obvious 
that  by  turning  the  hand  wheel  q  to  the  right  or  left,  the  small 
pin  will  be  raised  or  depressed,  and  through  the  intervening 
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Fig.  290. 


mechanism,  as  shown  in  fig.  270,  the  size  of  the  opening  be- 
tween the  mouth  of  the  feeding  pipe  o,  and  the[rhind  cup,  will 
be  increased  or  diminished.  On  slightly  raising  the  tube  o,  by 
the  lever  p  (fig.  270),  the  grain  slides  along  the  surface  of  the 

cup  or  rhind  K,  which,  revolving  at  a 
rapid  motion,  discharges  the  grain  with 
tangential  force  over  the  rim  of  the  cup 
between  the  runner  and  the  bedstone. 
The  grain,  as  it  escapes  from  under  the 
tube,  flies  off  in  tangents  from  the  edge 
of  the  cup,  and  forms  a  beautiful  series 
of  curves,  as  shown  in  the  drawing 
(fig.  290).  At  first  this  system  of  feeding, 
like  all  other  improvements,  met  witli 
opposition  from  the  millers;  but  the 
regularity  of  the  supply,  and  the  absence  of  noise,  soon  con- 
vinced them  of  its  advantages,  and  paved  the  way  for  its  general 
application. 

The  Disengaging  Apparatus.- — The  driving  pinion  I  (fig.  291) 
is  fitted  upon  the  mill  spindle,  so  as  to  be  capable  of  sliding  up 

Fig.  291. 


and  down  upon  a  sunk  feather.  When  fully  engaged  with  the 
wheel  h  (fig.  270)  it  rests  upon  a  collar  formed  on  the  upper  sur- 


Fig.  292. 


faceof  a  largo  brass  nut  /  (fig.  292),  fitted  to  a  screwed  part  on 
the  lower  end  of  the  spindle,  and  capable  of  being  fixed  by  a 
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jam  nut,  by  which  the  miller  is  enabled  to  keep  the  pinion  in- 
variably in  its  proper  position  with  regard  to  the  wheel  inde- 
pendently of  the  position  of  the  spindle, 
which,  as  we  have  before  had  occasion  to 
remark,  requires  to  be  slightly  lowered 
everv  time  the  stones  are  dressed.  When 
properly  adjusted,  the  pinion  is  secured  to 
the  spindle  by  a  taper  key. 

It  is,  however,  necessary  to  throw  each 
pair  of  stones,  periodically,  out  of  gear 
with  the  general  range,  to  admit  of  their 
being  dressed,  &c.  For  this  purpose  the 
tapered  key  is  removed,  and  the  pinion 
raised  out  of  contact  with  the  teeth  of  its 
driving  wheel,  by  means  of  a  species  of 
jack  or  lifting  apparatus  attached  to  the 
standard,  the  compouent  parts  of  which 
we  shall  now  briefly  enumerate. 

A  cast-iron  ring  r  (figs.  270  and  293), 
supported  upon  two  upright  rods  r,  r,  is 
brought  in  contact  with  the  under  surface 
of  the  pinion  by  turning  the  hand  wheel  *, 
which  is  screwed  upon  its  axis  t,  and 
carries  with  it  in  its  ascent  the  cross  head 
8,  into  the  ends  of  which  the  lower  ex- 
tremities of  the  rods  r,  r  are  inserted. 
The  screw  t  is  fixed  into  a  socket  cast 
upon  the  under   surface  of  the  lower 
diaphragm  of  the  standard,  and  the  connecting  rods  r,  r,  which 
pass  through  holes  formed  for  their  reception  in  both  dia- 
phragms ;  being  set  in  a  dia- 
gonal direction  in  order  to 
clear  the  lever  m,  and  other 
important  parts  of  the  ma- 
chinery.   Fig.  294  is  a  plan 
of  the  hand  wheel  and  cross 
bar. 

On  turning  the  hand  wheel 
in  a  contrary  direction,  the 
weight  of  the  pinion  again  brings  it  into  its  working  position. 


rig.  204. 
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The  Stone-lifting  Apparatus, 

The  portable  crane  or  lifting  apparatus  used  for  raising  the 
upper  stones  from  their  beds,  and  depositing  them  on  the  floor 
of  the  mill  when  they  require  to  undergo  the  process  of  dressing, 
is  shown  in  fig.  295.  •  It  consists  of  a  strong  malleable  iron 


Fig.  295. 


arm  t  t,  bent  into  a  form  nearly  approaching  to  a  quadrant ; 
the  lower  end  works  in  a  cast-iron  step  v,  inserted  into  the  stone 
floor,  while  its  upper  extremity  is  supported  by  a  strong  rod  u, 
fitted  to  rotate  upon  a  stud  u,  fixed  into  a  cast-iron  plate,  bolted 
to  the  beams  which  support  the  floor  above.    The  fixed  centres, 
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n  and  v,  are  so  situated  that  the  machine  shall  command  two 
contiguous  pairs  of  stones,  and  the  end  of  the  rod  u  is  made  of 
such  a  form  as  to  admit  of  its  being  easily  disengaged  from  the 
stud ;  when  the  entire  machine  may  be  removed.  A  strong 
screw  v,  passing  through  the  arm  t,  and  worked  by  means  of  a 
nut  formed  into  a  double  handle,  carries  at  its  lower  end  the 
two  connecting  links  w  w,  which  are  attached  to  the  stone  by 
two  studs  temporarily  inserted  into  it  at  points  diametrically 
opposite.  The  links  w  w  are  bent  so  as  to  admit  of  the  stone 
being  inverted  while  it  is  suspended  in  the  lifting  machine. 
The  running  stone  is  retained  in  its  place  in  the  mill  simply  by 
its  own  weight ;  it  is,  therefore,  only  necessary  to  raise  it  out 
of  its  bearings  when  the  grinding  surfaces  require  examination 
or  repair. 

The  sack  teagle  is  very  simple,  and  will  be  readily  understood 
from  the  drawing,  Plate  XIII.  It  consists  of  a  barrel  r',  pro- 
vided with  a  rope  of  sufficient  length  to  reach  to  the  lower  floor 
of  the  mill,  and  fitted  to  revoke  in  bearings  attached  to  the 
roof.  It  receives  motion,  when  required  to  be  brought  into  action, 
from  a  belt  connecting  the  pulley  on  its  axis  with  a  shaft  c', 
worked  by  the  engine.  The  length  of  this  belt  is  so  adjusted 
that  the  sack  teagle  may  remain  at  rest,  or  be  set  in  motion, 
according  as  the  long  lever  (the  action  of  which  is  to  tighten  or 
relax  the  belt  as  may  be  required)  is  raised  or  lowered.  In  the 
floors  of  the  mill  are  formed  square  hatches  or  openings  through 
which  sacks,  &c,  may  be  admitted ;  and  the  rope  of  the  sack 
teagle,  passing  over  a  guide  pulley  situated  immediately  above 
the  centre  of  these  hatches,  thus  affords  a  ready  means  of  raising 
sacks  or  any  heavy  articles  to  the  different  flats  of  the  mill. 

The  Dressing  Machine. 

After  passing  the  millstones,  and  having  been  carried  by  the 
creeper  and  elevator  to  the  third  story  of  the  mill,  the  corn 
enters  the  dressing  machines ;  it  is  here  subjected  to  the  last 
process,  and  is  ready  for  market. 

Fig.  296  represents  a  dressing  machine  on  a  scale  £  inch  = 
the  foot ;  the  cylinder  5'*2"  x  l'*4"  is  of  wire  cloth,  from  a  to  6 
is  in  general  up  to  No.  70  wire  gauze,  from  b  to  c  is  of  Nos.  48 
and  50,  and  c  to  d  of  30.  It  seldom  happens  that  wire  cloth  of 
No.  120  wire  gauze  is  used  in  those  machines  for  the  first  divi- 
sion, from  a  to  b,  unless  it  be  for  the  finer  description  of  flour. 
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An  inclination  of  3  in  8  is  given  to  the  cylinder,  and  it  makes 


thick,  and  24/'  deep,  are  placed  round  the  cylinder  at  intervals 
of  4J  inches,  and  the  whole  is  hound  together  hy  horizontal 
planking  $"  hy  24/'.  The  same  contrivance  is  used  for  the 
adjustment  of  the  brushes  and  the  spindle  as  in  the  screening 
machine ;  the  brushes,  however,  in  this  instance  touch  the  wire 
gauze,  and  are  made  of  bristle. 

The  ground  corn,  introduced  by  the  spout  E,  is  brushed  first 
over  the  finest  layers  of  wire  from  a  to  6,  then  over  the  coarser 
from  b  to  c,  and  lastly  over  the  coarsest  from  c  to  d,  and  is 
denominated  firsts,  seconds,  and  thirds,  according  as  it  passes 
through  the  first,  second,  or  third  divisions  of  the  machine. 

That  portion  of  the  ground  corn  which  is  too  coarse  to  pass 
through  any  of  the  meshes  falls  out  at  the  end  of  the  cylinder, 
and  is  called  bran. 

Some  improvements,  of  late,  have  been  effected  in  the  con- 
struction of  wire  dressing  machines,  by  substituting  an  iron 
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instead  of  a  wood  framing;  by  augmenting  the  speed  from  820 
to  500,  and  even  650,  revolutions  per  minute ;  and  by  giving  an 
inclination  of  45°  instead  of  20°  to  the  cylinder. 


Fig.  2\)7. 


Fig.  297  represents  one  of  these  improved  iron  dressing 
machines.  In  its  general  construction,  it  somewhat  resembles 
the  one  already  described  (fig.  296). 

In  this  machine  the  ground  corn  enters  the  cylinder  b  b  by 
the  hopper  a,  containing  a  patent  feed  apparatus,which  regulates 
the  feed,  and  thus  prepares  it  for  passing  through  the  meshes  of 
the  wire  cylinder.  The  internal  brushes  are  secured  to  the 
spindle  in  the  same  manner  as  those  in  the  previous  machine 
(fig.  296),  but  with  a  different  arrangement  for  adjustment.  The 
speed  of  the  driving  shaft  is  quickly  reduced  by  the  spur  wheels, 
which  gear  into  a  wheel  on  the  circumference  of  the  cylinder, 
thus  causing  the  cylinder  b  b  to  revolve  slowly.  The  pulley  d 
is  connected  with  the  pulley  e  by  means  of  the  strap  F,  which 
causes  the  external  brushes  G  G  to  revolve,  and  thus  keep 
the  wire  cylinder  from  being  clogged  up.  By  an  ingenious 
arrangement  with  an  eccentric,  the  brushes  are  lifted  off  to 
allow  the  cross  bars  h  h,  k  k  to  pass  without  injuring  them,  ami 
are  reinstated  in  their  position  as  soon  as  ever  the  bars  are  clear. 
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By  twisting  the  strap,  these  brushes  are  made  to  revolve  in  a 
contrary  direction,  and  thus  prevent  the  bristles  from  taking  a 
permanent  set  in  one  direction,  and  from  wearing  away  un- 
equally. The  space  under  the  cylinder  is  divided  into  three 
partitions,  or  hoppers,  by  movable  boards,  and  the  distance 
between  them  is  increased  or  diminished  at  pleasure  by  the 
hand  wheel  l.  As  in  fig.  296,  that  portion  of  the  meal  which 
does  not  pass  through  the  wire  cloth  falls  out  at  the  end  of  the 
cylinder. 

Fip.  208. 


The  bolting  machines  are  on  the  Swiss  and  American  principle. 
Fig.  298  is  an  end  elevation  of  a  bolting  machine,  with  two 


Fig.  200. 


cylinders ;  and  fig.  299  is  a  longitudinal  section  on  a  smaller  scale. 
The  cylinders  k  k  are  from  24  to  26  feet  long,  and  3  feet  diameter, 
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and  make  from  20  to  22  revolutions  per  minute.  At  distances 
of  about  4  feet,  radiating  rods  are  inserted  in  the  wooden  shaft, 
which  form  the  reels  of  the  bolting  machine,  to  support  the 
silk  covering  through  which  the  flour  has  to  pass.  The  hex- 
agonal wooden  shaft  terminates  in  iron  pivots  which  have 
their  bearings  in  the  plumraer  blocks  l  l,  bolted  to  a  cross 
piece  of  cast  iron  m  m,  which  is  bolted  to  the  wooden  frame- 
work N  N.  The  machine  is  driven  by  a  cross  shaft  o,  having 
two  bevel  wheels  p  p  keyed  upon  it,  which  gear  into  corre- 
sponding wheels  keyed  on  the  driving  shafts  of  the  bolting 
cylinders.  The  cross  shaft  also  gives  motion  through  the  inter- 
vention of  the  strap  Q  to  the  pulley  e,  which  drives  a  small 
toothed  wheel  s,  gearing  into  a  wheel  t,  keyed  on  the  creeper 
shaft  H,  which  carries  the  flour  along  the  trough  under  the 
cylinders  or  reels.  It  will  be  observed  that  the  cylinder  cover 
v  v  is  grooved  into  the  end  of  the  cylinder,  and  moves  with  the 
machine,  whilst  the  cover  w  w  is  stationary :  this  enables  a 
constant  supply  to  be  given  to  the  machine  without  waste. 

The  meal  travels  from  the  elevators  along  the  creeper  a  a, 
and  enters  the  bolting  machine  by  the  hoppers  b  b  ;  here  it 
makes  a  progressive  onward  motion,  rising  and  falling  by  gravi- 
tation from  the  sides  of  the  reel  till  the  flour  has  passed  through 
the  interstices  of  the  silk  and  the  bran  delivered  by  the  spout  c 
at  the  end  of  the  machine.  The  flour,  after  passing  through 
the  silk,  falls  upon  the  boards  B  e  (fig.  298)  and  p  p  (fig.  299) 
into  the  creeper  h;  and,  in  travelling  along  this  creeper,  it 
is  received  into  bags  by  the  spouts  oqg.  Should  any  of  the 
meal  have  failed  to  pass  into  the  bolting  machines,  it  is  carried 
on  to  the  spout  h'  (fig.  298),  which  conveys  it  to  the  elevator 
from  which  the  creeper  a  is  supplied.  The  finest  flour,  chiefly 
used  for  confectionary  and  biscuit  making,  is  dressed  and  pre- 
pared in  this  way. 

The  great  advantage  of  this  class  of  dressing  machinery  is 
that  the  silk-bolting  machine  dresses  the  flour  direct  as  it  comes 
from  the  millstones,  as  the  process  is  slow ;  and  by  the  repeated 
rising  and  falling  of  the  meal  in  travelling  from  one  end  of  the 
cylinder  to  the  other  it  is  sufficiently  cool  for  immediate  use,  or 
ready  to  be  hoisted  above  by  the  sack  teagles,  to  be  sacked  for 
the  market. 

Messrs.  John  Staniar  &  Co.,  Manchester  Wire  Works,  who 
supply  this  class  of  machinery,  have  lately  constructed  the 
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dressing  and  bolting  machines,  with  an  improved  feed.  The 
meal  is  conveyed  into  a  hopper  with  inclined  sides,  over  which 
a  rake  slowly  revolves ;  and,  as  the  meal  travels  several  times 
round  before  it  arrives  at  the  feed  spout  in  the  centre,  it  is  ex- 
posed to  the  action  of  the  air,  and  freed  of  the  greater  portion 
of  its  moisture.  A  piece  of  coarse  wire  gauze  is  placed  at  the 
top  of  the  spout  to  intercept  any  foreign  particles  which  may 
accidentally  have  got  into  the  meal. 

REFERENCES 

To  the  General  Elevation  {Jig.  270),  and  the  Detailed  Drawings  (Jig.  271  to 

Jiff.  294). 

A  A,  the  standard  or  lower  framing  of  the  grinding  machinery. 
B  B,  the  cone  or  upper  framing, 
c,  the  stone  case,  ot  sheet  iron. 

i>,  a  cast-iron  ring  supporting  the  hopper,  carried  upon 

a,  a,  a,  three  wrought-iron  legs,  resting  upon  the  top  of  the  stone  caso. 

E,  the  feeding  hopper. 

b,  a  pipe  for  supplying  grain  to  the  hopper  from  the  garners  above. 

F,  the  main  driving  shaft. 

0,  plummer  block  of  the  shaft  r. 

H,  a  bevel  mortise  wheel,  conveying  the  motion  of  the  shaft  f  to 

1,  the  pinion  of  the  mill  spindle. 
J,  the  mill  spindle. 

k,  the  rhind  of  cast  iron  by  which  the  spindle  is  connected  with  the  upper 
stone. 

c,  rf,  the  bearings  of  the  universal  joint  formed  by  the  rhind. 

L,  the  bed  stone  box  for  the  upper  bearings  of  the  mill  spindle. 
e,  f}  bushes  and  wedges  for  adjusting  the  bearings. 

g,  a  thin  cast-iron  plate,  by  means  of  which  the  wedges  /,/  are  adjusted 
and  fixed. 

//,  hy  h,  pinching  screws  for  adjusting  the  level  of  the  lower  millstone. 

i,  t,  t,  pinching  screws  for  it. 

jf  a  large  brass  nut  for  supporting  the  pinion  l. 

k,  footstep  of  the  mill  spindle. 

I,  cast-iron  socket  for  the  footstep  k. 

m,  m,  pinching  screws  for  adjusting  the  socket  /. 

n,  the  saddle  or  link  connecting  the  footstep  k  with 

M,  the  great  levt-r  for  supporting  and  adjusting  the  mill  spindle. 

N,  o,  screwed  rod  and  key  for  working  the  lever  M. 

o,  the  movable  feeding  pipe,  of  cast  iron. 

r,  lever  for  adjusting  the  pipe  o. 

p,  small  column  forming  the  centre  of  motion  of  the  lover  r. 
q,  q,  apparatus  for  regulating  the  feed. 

r,  a  cast-iron  ring  for  raising  the  driving  pinion  out  of  gear  with  the  wheel, 
s,  a  cast-iron  cross  head,  being  part  of  the  same  apparatus. 
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r,  r,  upright  rods  connecting  the  cross  head  8  with  the  ring  R. 

*,  s,  t}  hand  wheel  and  screw  for  working  the  diseugaging  gear. 

T,  u,  v,  w,  the  several  parts  of  which  the  stone-lifting  machine  is  composed. 

u,  v,  the  centres  of  motion  on  which  it  turns. 

x  (figs.  2(30  to  264)  the  lower  elevator  frame. 

y,  y,  the  creeper,  of  cast  iron. 

w,  x,  blocks  and  studs  for  connecting  the  adjacent  lengths  of  the  creeper, 
y,  the  brackets  in  which  it  revolves, 
z,  z,  the  creeper  box,  of  wood. 


Before  closing  the  treatise  on  flour  mills,  it  may  be  in- 
teresting for  the  practical  miller  to  know  that  an  ingenious 
contrivance  for  balancing  the  running  millstone  has  been  suc- 
cessfully introduced  by  Messrs.  Clarke  &  Durham,  of  Mark 
Lane,  London.  Most  persons  connected  with  grinding  wheat 
are  aware  that  millstones  are  built  of  blocks  of  French  burr, 
varying  in  density.  These  blocks  are  cemented  and  held  firmly 
together  by  iron  hoops,  as  already  described ;  and  the  back  of  the 
stone  is  filled  in  with  odd  pieces  of  burrs,  and  backed  up  with 
plaster  of  Paris.  The  centre  or  balance  irons,  by  which  the 
stone  is  suspended,  are  then  let  into  the  runner ;  it  is  immaterial 
what  sort  of  iron  is  used  for  balancing,  as  any  description  will 
do.  The  usual  custom  is  to  suspend  the  runner  on  the  stone 
spindle,  and  balance  it  with  reference  to  its  gravity  alone,  thus 
producing  a  standing  balance  by  adding  the  required  quantity 
of  lead  to  produce  a  stationary  equilibrium.  This  was  generally 
thought  enough,  and  the  stone  considered  fit  for  work.  Had  the 
miller,  however,  raised  the  runner  to  an  elevation  of  half  an  inch 
from  the  bedstone,  and  rotated  it  at  a  speed  of  from  120  to  130 
revolutions  per  minute,  the  runner  in  motion  would  have  dipped 
or  '  wabbled  '  to  the  extent,  on  the  average,  of  a  quarter  of  an 
inch.  The  effect  of  this  tilting  motion,  when  the  stones  are  at 
work,  is  to  cause  unequal  pressure  and  unequal  action  upon  the 
face  of  the  stones  in  contact.  The  cause  of  this  is  the  effect  of 
the  unequal  density  of  the  millstone  as  a  whole,  causing  in  motion 
an  unequal  centrifugal  action  in  proportion  to  the  denser  parts 
preponderating  above  or  below  the  plane  of  suspension. 

In  order  to  obviate  this  evil,  there  are  introduced  into  the 
back  of  the  runner  four  balance  boxes,  as  shown  in  fig.  800  at  b  b. 
These  boxes  vary  in  depth  from  three  to  five  inches,  according 
to  the  thickness  of  the  runner ;  the  boxes  are  fitted  with  annular 
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weights  capable  of  being  adjusted  higher  or  lower,  by  means  of 
the  screws  d  d,  which  pass  down  the  centre  of  the  weights.  The 
number  of  the  weights  depends  on  the  number  required  to  pro- 
duce the  perfect  standing  balance.  From  this  it  will  be  seen 
that  the  standing  balance  must  be  first  attained,  and  then,  by 
raising  or  lowering  the  weights  in  the  balance  boxes,  the  running 
balance  is  perfectly  effected.  This  is  not  done  by  one  adjust- 
ment only,  but  by  a  series  of  adjustments.  Having  effected  a 
standing  balance,  the  stone  is  set  in  motion,  and  the  dip  is 
found  to  be  on  a  particular  quarter ;  the  stone  is  then  stopped, 


Fig  300. 


and  the  weights  in  the  box  opposite  to  where  the  dip  is  are 
raised  higher  above  the  plane  of  suspension  so  as  to  neutralise 
the  variation  of  the  dipping  side.  This  being  done,  the  stones 
are  again  set  in  motion,  and  the  same  operation  is  performed 
until  a  perfect  balance,  at  any  velocity,  is  attained.  The  great 
advantage  of  this  arrangement  is  that  the  weights  cannot  shift, 
and  the  same  balance  is  maintained  in  good  order,  and  only 
requires  altering  with  the  ordinary  wear  and  tear  of  the  stones. 

During  the  time  the  first  edition  of  this  work  was  going 
through  the  press,  I  was  closely  engaged  in  other  matters  that 
required  my  attention,  and  prevented  me  giving  that  consider- 
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ation  to  the  system  of  ventilating  the  millstones  during  the 
process  of  grinding  to  which  it  is  justly  entitled.  Since  then 
I  have  been  more  fortunate ;  and  having  communicated  with 
Mr.  Bovill,  the  patentee,  I  am  now  in  a  position  to  give  not  only 
a  full  description  of  the  process,  but  to  introduce  all  the  improve- 
ments that  have  taken  place  since  its  first  introduction. 

On  the  question  of  ventilation  there  has  been  great  difference 
of  opinion  as  to  its  efficiency,  one  party  contending  that  they 
derived  considerable  advantage  from  the  process ;  another,  that 
the  powers  required  to  work  the  fans  and  connecting  apparatus 
was  equivalent  to  what  would  grind  the  same  quantity  of  grain 
by  a  proportionate  increase  of  the  number  of  millstones.  These 
assertions  do  not,  however,  seem  to  agree  with  the  Report  of  the 
Committee  appointed  by  the  Lords  of  the  Admiralty  to  inquire 
into  the  merits  of  these  improvements  as  introduced  into  the 
Deptford  mills.  At  the  close  of  this  report  it  is  stated  that 
'  the  advantages  which  Mr.  Bovill's  apparatus  possesses  over 
the  present  process  of  manufacturing  biscuit  meal  in  Her 
Majesty's  establishments  appear  to  be  as  follows : 

*  First — Speed  in  Grinding.  It  grinds  more  than  twice  the 
quantity  of  wheat  in  a  given  time  with  an  equal  number  of 
millstones. 

'  Second — Produce.  It  will,  with  the  same  description  of 
wheat,  produce  biscuit  meal  and  flour  of  a  better  quality,  from 
having  greater  life  or  strength,  and  in  larger  quantities ;  and, 
according  to  the  Deptford  Officer's  Report  of  October  1850,  it 
will  produce  a  better  quality  of  biscuit  meal  from  wheat  at 
3s.  Sd.  per  quarter  less  in  value  than  that  usually  ground. 

1  Third—Temperature.  It  delivers  the  produce  from  the 
spouts  of  the  millstones  at  an  average  of  20  degrees  less  temper- 
ature. 

'Fourth, — Despatch  in  Dressing.  It  dresses  the  grist  into 
biscuit  meal  or  flour  as  it  comes  from  the  spouts,  it  being  then 
sufficiently  cool  for  that  purpose,  and  avoids  the  necessity  of 
sacking  the  undressed  grist  from  the  troughs,  and  keeping  it 
for  several  days  until  it  becomes  cool  enough  for  dressing. 

*  Fifth — Duration  of  Millstones.  The  millstones  grind  four 
times  the  quantity  before  they  require  to  be  re-dressed. 

'  Sixth — Cleanliness.  In  corn  mills  conducted  in  the  ordi- 
nary manner,  the  stive  (or  dust)  whilst  grinding  is  excessive,  and 
injurious  to  the  millers  ;  but  when  this  machinery  is  in  operation, 
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no  stive  (or  dust)  is  produced,  and  the  mill  is  continually  in 
a  state  of  cleanliness  highly  conducive  to  their  health  and 
comfort.' 

After  this  report  (which  is  signed  by  Samuel  Triscott,  Store- 
keeper, Royal  William  Victualling  Yard ;  Joseph  Penhorn,  Store- 
keeper, Royal  Clarence  Yard;  and  T.  W.  Miller,  Engineer  and 
Mechanic,  Portsmouth  Yard),  there  cannot  exist  a  doubt  of  its 
efficiency,  and  we  therefore  have  no  hesitation  in  introducing 
the  following  drawings  and  explanations,  as  kindly  furnished 
by  Mr.  Bovill. 

The  drawings  (figs.  301  and  302)  represent  transverse  sec- 
tions of  the  apparatus : 

a,  the  millstones  as  usually  employed  ;  B,  driving  spindle 
to  which  the  cup  0  is  attached  to  receive  the  grain  from  the 
telescopic  feed  pipe  d,  which  is  regulated  in  the  ordinary  manner 
with  the  level  E.    The  top  of  the  millstone  case  is  closed  by  the 
plate  p,  which  has  a  nozzle  g,  provided  with  a  throttle  valve  h, 
for  regulating  the  blast  to  the  stones  according  to  the  quality 
of  corn  being  ground,  and  the  condition  of  the  millstones. 
When  the  stones  are  sharp  they  require  less  blast  than  when 
dull,  and  damp  wheat  requires  a  much  greater  supply  of  air 
than  dry  wheat.    I  is  a  small  cast-iron  column  resting  on  the 
plate  f,  with  a  shoe  on  the  top  to  carry  the  corn  hopper  j.  k, 
the  maiu  air  pipe  from  the  fan-blowing  machine,  which  is 
continued  over  all  the  stones,    l,  the  main  exhaust  pipe  from 
the  exhaust  fan.    m,  a  flexible  macintosh  pipe  from  air  main 
pipe  for  conveying  the  blast  to  the  stones,    n,  a  movable  up- 
right exhaust  spout  for  connecting  the  millstone  case  to  the 
exhaust  main ;  there  is  a  wood  slide  o  in  this  pipe  for  regulating 
the  amount  of  exhaust.    P,  a  cast-iron  ring  turned  on  the  face 
and  attached  to  the  top  of  the  running  stone  around  the  eye. 
q,  a  circular  leather  resting  on  the  turned  face  of  the  ring  p,  the 
top  being  fixed  to  the  millstone  case  :  this  leather  ring  prevents 
the  current  of  air  or  any  grain  passing  otherwise  than  through 
the  centre  of  the  running  stone  and  between  the  grinding  sur- 
faces,   e,  exhaust  fan  which  discharges  the  warin  dusty  air 
drawn  from  the  millstones  into  stive  chamber  s,  for  depositing 
the  dust.    The  sides  of  this  chamber  are  made  of  a  porous 
woollen  fabric,  called  bunting,  through  which  tho  dusty  air  is 
filtered,  the  fine  particles  of  flour  being  retained,  and  the  air 
passing  out  clean ;  this  chamber  is  swept  out  once  in  twenty- 
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four  hours,  and  the  fine  particles  of  flour  thus  collected  are  1 
mixed  in  with  the  meal  in  the  usual  way. 

Fig.  802  shows  the  arrangement  of  the  exhaust  without  an 
artificial  blast ;  the  eye  of  the  stone  in  this  case  is  open  to  allow 
air  to  be  freely  drawn  down  the  eye  of  the  stone  by  the  natural 
fan  action  of  the  running  stone, — the  exhaust  draws  away  the 
plenum  of  warm  dusty  air  from  the  millstone  case,  as  in  fig.  301. 

The  advantages  arising  from  the  application  of  this  simple 
and  inexpensive  arrangement  are  great,  and  the  millers  of  most 
parts  of  England  are  availing  themselves  of  the  process. 

Mr.  Bovill  states  in  the  first  place  that  it  insures  the  pro- 
duction of  a  quality  of  flour  superior  in  point  of  strength  and 
colour  to  any  that  can  be  produced  by  the  ordinary  process. 

'  By  the  old  system  of  grinding,  a  large  quantity  of  the  finest 
flour  is  produced  immediately ;  the  grain  enters  the  crushing 
surfaces  of  the  stones,  and  this  is  of  necessity  reground,  or 
rather  mashed  up  with  the  unreduced  particles,  until,  from  the 
action  of  the  running  stone,  it  is  delivered  at  the  outer  edge, 
•  by  which  time  considerable  heat  and  consequent  colour  have 
been  imparted  to  it  by  the  friction  of  the  stones,  at  the  same 
time  that  the  strength  or  life  of  the  meal  has  been  considerably 
impaired  ;  the  stones,  in  point  of  fact,  having  been  employed  in 
injuring  a  large  portion  of  the  meal  instead  of  simply  doing 
their  proper  duty  of  grinding  the  unreduced  particles. 

*  By  the  action  of  the  blast  and  exhaust  machinery,  the  meal 
is  blown  out  from  between  the  stones  instantly  on  its  being 
ground  sufficiently  fine,  and  in  a  cool  state,  leaving  the  grinding 
surfaces  of  the  millstones  to  perform  their  legitimate  office  of 
grinding  only  the  unreduced  particles.  The  stones  in  consequence 
with  the  same  power  will  grind  seventy  per  cent,  more  corn 
than  on  the  old  system  ;  and  with  a  small  additional  power  the 
same  stones  in  many  mills  are  grinding  from  eight  to  ten 
bushels  per  hour  with  each  pair  as  against  four  bushels  on  the 
old  plan.  Damp  wheat  with  the  aid  of  the  blast  can  be  ground 
with  ease  without  any  fear  of  pasting  the  stones,  and  the  meal 
is  quite  cool  and  dry. 

*  The  exhaust  draws  away  all  the  warm  dusty  air  from  the 
millstone  cases,  cools  the  meal,  and  extracts  from  it  the  steamy 
moisture,  and  at  the  same  time  prevents  any  dust  or  stive  flying 
about  the  mill ;  the  atmosphere  of  the  mill  is  consequently  clear 
and  healthy,  and  there  is  a  saving  of  waste. 
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*  The  meal  comes  from  the  meal  spouts  perfectly  cool  and 
dry,  and  the  millers  using  this  system  almost  all  dress  the  meal 
direct  from  the  stones,  through  the  fine  French  silk  machines 
which  the  patent  process  enables  them  to  use  at  all  seasons  of 
the  year  with  great  advantage. 

'  The  flour  from  not  being  overground  is  stronger  and  better, 
and  will  make  more  bread  per  sack  than  flour  manufactured  by 
the  ordinary  process  from  the  same  wheat :  all  flour  manufac- 
tured on  the  old  system  is  more  or  less  overground. 

'  The  millers  can  nearly  double  the  grinding  power  of  their 
mills  by  the  adoption  of  this  process,  and  by  which  the  cost  of 
manufacturing  a  quarter  of  wheat  is  reduced  nearly  one-half.* 

Such  is  the  description  given  by  Mr.  Bovill  of  this  process, 
which  I  have  considered  necessary  to  transcribe  in  order  that  the 
reader,  millers,  and  those  interested  may  judge  of  the  advantages 
of  this  important  process,  and  avail  themselves  of  this  system 
of  grinding  whereby  the  quality  of  the  flour  is  improved  and  the 
quantity  greatly  augmented. 
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CHAPTER  IU. 

COTTON  MILLS. 

In  our  attempts  to  illustrate  the  improvements  that  have  taken 
place  in  mills  and  mill-work  we  have  endeavoured  to  give  in 
detail  the  present  improved  state  of  the  machinery  for  grinding 
corn,  and  the  next— after  what  is  generally  called  the  staff  of 
life — is  the  factory  system  for  the  manufacture  of  cotton.  Of 
all  the  manufacturing  interests  which  the  industrial  resources 
of  this  country  present,  this  is  probably  the  most  important, 
not  even  excepting  the  iron  and  coal  trades,  and  we  may  readily 
be  excused  if  we  briefly  glance  at  the  increase  and  immense 
extent  to  which  this  manufacture  has  attained  until  suddenly 
arrested  by  the  unnatural  war  now  raging  in  America.  It  will 
be  in  the  recollection  of  most  of  our  readers,  that,  for  the  last 
seventy  or  eighty  years,  the  mills  of  Lancashire  and  those  of 
other  parts  of  Europe  depended  almost  entirely  for  their 
supply  of  cotton  upon  the  Southern  States  of  America,  and  that 
the  extension  of  the  trade  grew  up  with  the  facilities  of  obtain- 
ing the  means  of  supply ;  and  although  India,  Egypt,  and  other 
countries,  of  late  years  cultivated  and  exported  cotton,  yet  the 
chief  dependence  of  Lancashire  and  other  parts  was  upon  the 
American  States.  The  present  miserable  war  has,  however, 
cut  off  those  supplies  ;  and  hence  follows  the  distress  and  inisery 
which  have  from  this  cause  overtaken  our  once  comfortable, 
willing,  and  industrious  population.  Our  business,  however 
much  we  may  regret  this  circumstance,  is  not  with  the  growth 
or  supply  of  cotton,  but  its  manufacture,  and  we  have  now  to 
describe  the  improved  methods  and  systems  adopted  for  giving 
motion  to  the  various  intricate  and  ingenious  machines  now 
in  use. 

Until  of  late  years,  nearly  the  whole  of  our  cotton  mills  were 
built  from  five  to  eight  stories  in  height,  with  a  succession  of 
flats  or  floors  in  which  the  different  processes  were  carried  on. 
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Generally  speaking,  the  ground  or  first  floors  were  appropriated 
to  carding,  drawing,  and  roving,  with  a  separate  building  for 
the  opening  and  blowing  machines,  and  these  constituted  the 
preparatory  process.  The  rooms  above  were  invariably  set  apart 
for  spinning,  by  mules  if  for  fine  yarn,  but  by  throstles  and 
mules  conjoiutly  if  for  coarser  numbers. 

This  was  the  state  of  the  factory  system  thirty  years  ago 
when  adapted  exclusively  for  spinning,  but  the  introduction  of 
the  power  loom  and  self-acting  mule  gave  a  new  character  to 
the  dimensions  and  form  of  factory  buildings.  In  the  first 
instance,  it  was  found  that  power  looms  worked  better  on  the 
ground  floor  than  those  on  the  upper  stories,  and  that  the  yarn 
required  a  certain  degree  of  moisture  to  weave  freely,  which 
could  not  be  obtained  from  the  heated  and  dry  floors  above. 
These  properties  peculiar  to  the  ground  floor  led  to  the  shed 
principle,  and  there  is  scarcely  a  cotton  mill  now  in  the  king- 
dom where  looms  are  employed  that  has  not  a  shed  attached  to 
the  lower  story  on  a  level  with  the  ground  floor.  Again,  it  was 
found  after  the  introduction  of  the  self-acting  mule  that  one  man 
could  work,  with  the  assistance  of  two  or  three  boys,  1,600 
spindles  with  as  much  ease  as  he  could  work  COO  spindles  by 
the  hand  mules.  This  led  to  mules  of  double  the  width  of  the 
old  ones,  the  former  reaching  from  eighty  to  ninety  feet  wide. 
The  spinning  mills  of  the  present  day  are  therefore  more  like 
square  towers  or  large  lanterns,  with  considerable  architectural 
pretensions  as  compared  with  the  uncouth  buildings  we  have 
already  described.  To  these  square  buildings  it  is  usual  to 
attach  a  weaving  shed  with  all  the  requisite  warehouses  and 
appurtenances  for  carrying  on  that  additional  department  of  the 
manufacture. 

In  order  to  exemplify  our  description  of  a  cotton  mill,  with 
the  steam  engine  and  transmissive  machinery  by  which  it  is 
kept  in  motion,  we  might  have  chosen  some  of  our  largest 
establishments  upon  the  principle  referred  to  above  ;  but,  having 
constructed  mills  for  the  colonies  on  a  different  principle,  we 
have  selected  for  illustration  one  of  those  erected  in  India, 
where  the  whole  of  the  machinery  is  on  the  ground  floor,  and 
where  it  is  covered  by  a  light  roof  on  the  system  of  the  weaving 
shed  for  looms.  Messrs.  William  Fairbairn  &  Sons  have 
built  several  of  these  mills  for  the  Bombay  Presidency,  and  the 
whole  of  the  machinery,  being  open  for  inspection,  can  the  more 
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easily  be  traced  from  the  opening  of  the  cotton  bales  to  the 
finished  cloth  on  the  opposite  side  of  the  mill. 

Description. — In  the  annexed  plan  and  sections  it  will  be 
observed  that  the  building  covers  a  large  space  of  ground,  and 
is  chiefly  adapted  for  the  country  or  small  towns  where  land  is 
cheap.  In  large  cities  such  as  Manchester,  buildings  of  this 
description  are  seldom  erected,  owing  to  the  high  price  of  land 
and  local  taxes,  from  which  the  country  is  free ;  we  have,  there- 
fore most  of  our  cotton  mills  in  the  surrounding  districts, 
depending  on  Manchester  as  a  centre  and  ready  market  for  the 
sale  and  the  export  of  yarn  and  cloth. 

The  mill  to  which  we  refer,  shown  in  Plates  XV.  and  XVI., 
was  built  for  India,  and  is  now  in  successful  operation  some 
short  distance  from  Bombay. 

Plate  XVI.  is  a  plan  of  the  buildings  showing  the  position 
of  the  machinery  and  the  steam  engines  at  a.  The  main  shafts 
and  gearing  are  supported  on  stone  or  brick  pillars  through  the 
whole  length  of  the  building,  receiving  in  their  passage  motion 
from  the  large  pinion  at  b,  which  works  into  the  fly  wheel, 
distributing  it  to  the  different  lines  of  shafting  on  each  side. 

The  steam  is  supplied  to  the  engines  by  six  boilers,  5  feet 
9  inches  diameter,  and  32  feet  long,  with  internal  flues.  The 
engines  are  each  80-horse  power,  collectively  160  horses,  6  feet 
stroke,  24*7  strokes  per  minute,  and  are  calculated  to  work  to 
the  full  extent  of  600  indicated  horse  power.  The  main  shafts, 
which  receive  motion  from  the  fly  wheel,  make  80  revolutions 
per  minute,  and  are  8  inches  diameter  for  a  distance  of  70  feet 
over  the  throstles  and  mules  ;  and  for  a  further  distance  of  35 
feet  towards  the  cards,  they  are  6£  inches  diameter,  when  they 
gradually  taper  in  both  directions  to  5  inches  at  the  end  over 
the  cards,  and  to  4£  inches  over  the  looms.  The  cross  shafts 
over  the  power  looms  are  2£  inches  diameter,  tapering  to  2 
inches  at  the  end.  The  cross  shafts  over  the  throstles  and  mules 
are  3J  inches  diameter,  tapering  to  2J  inches  at  the  extreme 
end.  Over  the  slubbing  frames  and  cards  they  are  3  inches 
diameter,  tapering  to  2  inches,  the  same  proportion  being 
observed  in  the  ratio  of  the  power  delivered  in  other  parts  of 
the  mill. 

The  cotton  is  taken  from  the  cotton  store,  Plate  XVI.,  and 
is  mixed  and  sorted  for  the  opening  machines  at  g,  where  it 
is  thoroughly  cleaned,  and  driven  about  at  great  velocity,  and 
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freed  from  husks  or  seeds  where  it  has  not  been  properl /  ginned. 
From  this  it  passes  in  a  fleecy  form  to  the  scutchers  n,  where 
it  is  carefully  spread  upon  a  travelling  cloth  in  front  of  the 
machine,  and  is  carried  forward  to  fluted  rollers,  by  which  it  is 
conveyed  in  uniform  thickness  to  the  cylinder  containing  the 
beater  with  three  or  four  arms,  which  makes  about  1 ,600  revo- 
lutions per  minute,  or  travels  at  the  rate  of  5,000  feet  in  the 
same  time.  Here  it  is  driven  forward  into  a  cylindrical  wire 
case,  where  it  meets  with  a  strong  blast  of  air  from  a  fanner 
which  blows  off  all  the  light  dust,  whilst  all  the  heavier  earthy 
particles  fall  through  the  meshes  of  the  wire  into  a  receptacle 
below  prepared  for  that  purpose.* 

Most  of  the  improved  blowers  have  two  beaters,  so  that  the 
cotton  undergoes  a  thorough  cleansing  and  opening  before  it  is 
drawn  from  the  wire  cylinders  and  wound  on  the  large  bobbins 
or  beams  which  form  it  into  a  lap  ready  for  the  cards.  From 
the  blowers  the  laps  are  conveyed  through  the  door  a  to  the 
cards,  where  the  object  is  to  clean  and  straighten  the  fibres 
and  lay  them  parallel  to  each  other.    This  is  accomplished  by 
unwinding  the  laps  as  they  come  from  the  blowers  by  fluted 
rollers  which  bring  the  cotton  in  contact  with  the  teeth  of  the 
large  carding  cylinder  and  the  covering  flats  also  lined  with 
teeth.  In  this  way  it  is  carded  as  the  cylinder  revolves ;  but  not 
without  being  intercepted  by  the  teeth  of  the  flats  and  rollers, 
which,  nearly  touching  the  main  cylinder,  the  cotton  is  unable 
to  pass  without  being  combed  and  the  filaments  straightened 
in  the  direction  of  the  two-teethed  surfaces  as  they  meet  each 
other.    After  passing  through  a  succession  of  these  flats  and 
rollers,  it  is  taken  from  the  main  cylinder  by  the  doffing 
cylinder,  which  latter  is  finally  stripped  or  cleared  by  a  piece 
of  thin  steel,  reciprocating  by  a  crank  motion  on  the  surface  of 
the  cylinder,  which  forwards  the  cotton  in  a  fine  transparent 
sheet  through  a  tube  to  the  drawing  rollers,  where  it  is  wound 
in  circular  coils  into  a  can  in  the  shape  of  a  narrow  band  called 
a  sliver. 

From  the  cards  it  is  removed  in  the  cans,  when  filled,  to  the 
drawing  frames,  which  consist  of  a  series  of  rollers  on  cast-iron 
frames,  in  the  line  shown  at  I  I  in  front  of  the  cards,  and  these 
rollers  are  so  arranged  that  the  front  rollers  run  about  four 

*  The  scutcher,  or  blowing  machine,  is  the  counterpart  of  the  corn-thrashing 
machine  invented  by  Andrew  Mickle  of  East  Lothian. 
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times  the  speed  of  the  back  ones ;  and  from  this  increase  of 
speed  it  will  be  seen  that,  whilst  the  back  rollers  are  deliver- 
ing at  a  uniform  rate,  the  front  ones  are  rapidly  drawing  out 
the  fibres,  and  delivering  them  in  a  form  greatly  attenuated  to 
a  much  smaller  sliver  than  that  which  first  passed  between  the 
back  rollers.  These  rollers  require  to  be  placed  at  the  proper 
distance  from  each  other,  in  order  to  correspond  with  the  kind 
of  cotton  used,  and  the  length  of  the  fibre  or  staple,  as  it  is 
frequently  called.  The  object  of  drawing  is  to  render  the  whole 
of  the  fibres  as  smooth  and  parallel  as  possible  ;  and,  in  the  pro- 
cess of  drawing,  as  many  as  from  five  to  six  or  more  slivers  in 
cans  are  run  into  one  pair  of  rollers  from  the  cards,  and  these 
again  are  frequently  multiplied,  drawn  and  redrawn,  according 
to  the  quality  of  the  yarn  required,  before  they  are  fit  for  the 
slubbing  or  roving  frames,  which  is  the  next  process. 

The  slubbing  or  roving  frame  is  one  of  the  most  ingenious 
contrivances  in  the  cotton  trade,  as  it  not  only  draws  the  fibre 
and  elongates  the  sliver  on  the  same  principle  as  the  drawing 
frame,  but  it  gives  it  a  certain  amount  of  twist,  and  winds  it  on 
a  bobbin.  For  a  long  series  of  years  this  was  a  difficult  process, 
as,  the  delivering  and  the  twist  being  the  same  at  all  times 
from  the  rollers,  it  requires  to  be  wound  on  the  bobbin  one 
layer  upon  another,  neither  too  hard  nor  too  soft.  If  the  former, 
the  roving  will  not  wind  off  the  bobbin  without  breaking ;  and, 
on  the  other  hand,  it  must  not  be  too  soft,  otherwise  the  fault 
would  be  equally  objectionable  as  regards  the  quantity  the 
bobbin  should  contain.  The  great  secret,  therefore,  is  to  have 
it  neither  too  hard  nor  too  soft,  but  a  medium  degree  of  tight- 
ness, calculated  to  hold  the  exact  quantity,  and  unwind  itself 
freely  one  layer  from  off  the  surface  of  another,  without  risk 
of  breakage.  This  would  appear  to  be  a  desideratum  (in  every 
description  of  spinning) ;  and  to  obtain  this  object  with  accuracy 
many  ingenious  contrivances  have  been  adopted,  amongst  which 
we  may  enumerate  sliding  straps  on  conical  drums,  calculated 
to  the  increased  circumference  of  the  respective  layers  as  they 
are  wound  on,  and  thus  to  gain  the  required  degree  of  tension 
and  compression,  as  the  bobbin  continued  to  increase  in  dia- 
meter, or  as  each  superincumbent  layer  was  wound  on.  The 
most  important  improvement  of  the  roving  frame  was,  however, 
accomplished  by  the  introduction  of  the  differential  motion, 
which  beautiful  piece  of  mechanism  effected  the  object  of  re- 
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tarding  the  motion  of  the  bobbin  in  the  ratio  of  the  increased 
diameter  as  it  continued  to  enlarge.  This  motion  gave  great 
exactitude  to  the  process,  and  enabled  the  spinner  to  prepare 
his  rovings  with  a  much  greater  degree  of  precision,  and  in 
shorter  time.  After  roving,  the  cotton  undergoes  a  precisely 
similar  process,  by  passing  through  what  is  called  a  jack  or  a 
finer  roving  frame.  In  this  it  is  again  drawn  with  additional 
twist,  and  again  wound  on  to  similar  but  smaller  bobbins,  ready 
for  spinning  into  yarn,  either  by  the  mule  or  the  throstle,  as 
the  case  may  be. 

The  above  description  completes,  as  far  as  our  limits  will 
admit,  the  preparatory  process,  until  the  rovings  are  in  a  con- 
dition to  be  handed  over  to  the  spinner,  to  be  converted  into 
yarn.  Before  describing  the  subsequent  processes,  we  must,  how- 
ever, advert  to  a  most  ingenious  machine  for  combing  the  cotton 
in  place  of  carding  it.  This  machine  was  introduced  into  this 
country  some  years  since  from  Alsace,  in  France,  and  its  opera- 
tions are  performed  with  such  exactitude  and  precision,  as  to 
enable  the  spinner  to  produce  a  superior  quality  of  yarn  from 
an  inferior  quality  of  cotton.  This  machine  has  received  great 
improvements  since  its  first  introduction,  from  the  hands  of 
Messrs.  John  Hetherington  &  Co.,  who  have  changed  several 
of  the  motions,  introduced  others,  and  rendered  it  available  for 
the  finer  descriptions  of  yarn.  It  is  also  extensively  used  in  the 
preparation  of  wools  of  every  description,  but  more  particularly 
those  of  the  alpaca,  mohair,  &c,  as  also  in  the  preparatory 
process  for  flax,  to  which  we  shall  subsequently  have  to  refer. 

To  those  familiar  with  the  manufacturing  districts  the  pro- 
cess of  spinning  is  well  known  ;  but  to  the  general  reader  who  is 
not  acquainted  with  those  districts,  a  short  account  of  the  two 
different  processes  may  not  be  uninteresting.  There  are  two 
modes  of  spinning :  one  by  a  machine  called  the  throstle,  the 
other  by  the  mule.  During  the  early  stages  of  cotton  spinning, 
the  cotton  was  carded  and  formed  into  slivers  or  rovings  by 
hand  cards.  They  were  then  placed  on  a  wooden  frame  behind 
a  row  of  spindles,  fixed  in  a  movable  box,  which  travelled  on 
wheels,  and  these  again  received  motion  from  a  wheel  and  band ; 
and  the  rovings  which  passed  from  the  board  behind,  and  de- 
livered by  rollers  to  the  spindles,  were  held  fast,  as  the  spinner 
drew  the  spindles  from  the  rovings  to  the  extent  of  the  stretch  ; 
and  thus  by  consecutive  movements  the  rovings  were  stretched 
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and  twisted,  and  every  time  the  travelling  frame  was  pushed 
back  to  the  rovings  the  yarn  previously  spun  was  wound  upon 
the  spindles.  This  was  the  only  method  in  use  before  the  time  of 
Arkwright,  who  introduced  the  cylindrical  cards  and  the  water 
frame,  or,  as  it  was  subsequently  called,  the  throstle,  the  noise 
of  the  numerous  spindles  imitating  the  notes  of  that  bird.  It 
was  also  designated  the  water  frame,  from  the  circumstance 
that  it  could  not  be  worked  by  hand,  but  required  the  power  of 
water  to  give  it  motion. 

The  next  process  is  the  throstle,  which  is  on  the  same  prin- 
ciple as  the  roving  frame;  but  with  this  difference,  that  the 
spindles  are  smaller  and  more  numerous,  and  range  in  rows  of 
150  or  200  on  each  side  of  the  frame.  It  has  also  this  pecu- 
liarity, that  the  bobbin  which  rewinds  the  yarn  as  it  is  spun  is 
not  regulated  by  the  differential  motion  ;  but  the  thread,  as  it 
is  drawn  and  twisted  from  the  rollers,  is  wound  on  by  friction 
as  the  frame  in  which  the  spindles  are  fixed  rises  and  falls 
the  length  or  depth  of  the  bobbin.  In  this  operation  it  is  not 
necessary  to  wind  the  thread  on  to  the  bobbin  slack,  as  there  is 
no  danger  of  the  layers  separating,  and  the  friction  given  to 
the  bobbin  is  therefore  sufficient  to  fill  it  hard  aud  tight. 

The  rovings  are  also  carried  to  the  mule,  which  is  a  totally 
different  machine  to  the  throstle;  it  has  no  movable  frame  or 
spindles  with  bobbins  rising  and  falling ;  in  fact,  it  is  more 
like  the  spinning  jenny,  with  a  travelling  carriage  which  con- 
tains the  spindles,  and  stretches  out  from  the  beam  or  stationary 
roller  frame,  after  the  manner  of  the  jenny  already  described. 
It,  however,  combines  part  of  the  throstle  as  well  as  the  jenny, 
and  hence  its  name  of  the  mule.    The  mule  as  left  by  Crompton 
possesses  many  advantages  that  do  not  belong  to  the  water 
frame.    It  can  spin  yarn  of  any  degree  of  softness,  and  of  the 
finest  quality  ;  and,  since  it  was  made  self-acting,  it  forms  its 
own  cop  on  each  spindle,  and  puts  up  the  carriage,  which  on 
former  occasions  had  to  be  done  by  hand.    These  are  consider- 
ations of  vast  importance  in  spinning ;  and  the  mule  has  now 
attained  such  perfection  that  1,000  spindles  can  be  worked  in 
one  carriage  with  the  same  certainty  and  ease  as  one-third  the 
number  could  formerly  be  worked  by  hand.    There  is  another 
peculiar  property  in  the  mule,  and  that  is  the  double  twist  in 
fine  numbers  which  the  yarn  receives  after  the  full  extent  of 
the  stretch  is  made.    When  the  spindle  carriage  arrives  at  this 
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point  the  rollers  become  stationary,  the  motion  of  the  spindles 
is  increased,  and  the  twist  required  is  given  according  to  the 
quality  or  purpose  for  which  the  yarn  is  intended.  I  believe 
the  introduction  of  the  double-twist  motion  is  due  to  the  late 
Mr.  John  Kennedy,  one  of  our  earliest  and  most  successful 
mule  spinners. 

Having  thus  traced  the  different  processes  from  the  bale  of 
cotton  to  the  yarn,  our  next  duty  will  be  to  notice  the  operations 
of  weaving  from  the  yam  into  cloth.  In  our  endeavours  to 
accomplish  this  it  will  be  necessary  to  glance  at  the  state  of  the 
manufacture  as  it  existed  previous  to  the  introduction  of  the 
power  loom,  and  to  show  the  advantages  attained  and  the 
enormous  increase  which  these  inventions  have  produced. 

From  the  earliest  historical  period,  the  band  loom  has  been 
in  use  for  the  purpose  of  weaving.    That  of  the  Hindoos  and 
all  other  nations  have  been  of  the  same  character ;  and  until  the 
improvement  of  the  flying  shuttle,  introduced  by  Kay,  we  may 
consider  the  loom  a  primitive  and  unchangeable  machine.  It 
is  upwards  of  thirty  years  since  the  power  loom  was  first  in- 
troduced.   After  repeated  attempts  by  Major  Cartwright,  Mr. 
Shorrocks,  and  others,  to  render  it  available  and  self-acting,  it 
fell  into  other  hands.  These  attempts  were  at  first  discouraging ; 
but  after  repeated  changes,  suggestions,  and  improvements,  it 
ultimately  succeeded  in  producing  a  cloth  more  uniform  in 
character  and  superior  in  quality  to  that  of  the  hand  looms. 
The  result  of  these  improvements  was  a  total  change  in  the 
cotton  manufacture.    The  hand  looms  were  thrown  out  of  use, 
and  the  hand-loom  weavers,  who  were  unable  to  meet  the  new 
state  of  things,  were  thrown  out  of  work,  and  suffered  for  many 
years  the  greatest  and  most  distressing  privations.    By  this 
transfer  from  hand  to  power  weaving,  the  whole  system  of 
manufacture  was  changed,  and  the  manufacture  of  yarn  into 
cloth  was  no  longer  carried  on  in  the  domestic  cottage,  but 
became  a  part  of  the  factory  system.    Large  shed  buildings 
were  erected  for  that  purpose,  and  the  weavers,  chiefly  girls, 
were  employed  under  regulations  the  same  as  those  in  the  other 
parts  of  the  mills. 

Before  yarn  can  be  woven  into  cloth,  four  distinct  processes 
have  to  be  gone  through— viz.,  warping,  winding,  beaming,  and 
dressing — to  prepare  the  warp  for  the  loom.  The  first  of  these, 
the  warping,  consists  of  a  large  vertical  reel,  on  to  which  the 
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yarn  is  wound  from  the  bobbin  in  measured  lengths,  several  of 
which,  when  put  together,  constitute  the  warp.  It  is  then,  for 
some  qualities  of  cloth,  sized  or  run  through  a  cistern  of  liquid 
flour  and  water,  at  nearly  the  boiling  temperature,  and  from 
this  through  rollers  which  squeeze  out  the  surplus  fluid,  and 
leave  the  yarn  saturated  with  the  glutinous  substance  of  flour 
and  water,  called  size.  In  this  state,  when  partially  dried,  it  is 
transferred  to  the  loom,  where  it  is  woven  into  cloth.  The 
other  process  requires  more  careful  manipulation,  as  the  warps 
have  to  be  formed  by  winding  the  yarn  from  the  cop  if  it  be 
mule  yarn,  and  from  the  bobbin  if  throstle,  on  to  a  roller  called 
a  beam,  and  in  its  passage  it  is  run  over  a  roller  about  twenty 
inches  diameter,  through  the  divisions  of  a  reed  formed  of  wire, 
to  separate  the  threads  and  lay  them  parallel  on  to  the  roller 
beam. 

This  done,  four  or  six  of  the  first  windings  are  united  on 
the  dressing  machine  k  k,  where  they  are  again  passed  through 
reeds  at  each  end,  and  finally  wound  upon  a  large  bobbin  or 
beam  ready  for  the  loom.  In  its  passage  from  each  end  of  the 
machine,  it  must,  however,  be  observed  that  it  is  well  brushed 
or  dressed  with  a  pulp  of  prepared  flour  and  water,  which  is 
laid  upon  the  warp,  as  it  passes  from  the  rollers  at  each  end  to 
the  beam  at  the  top  of  the  machine,  ready  for  the  loom. 

The  power  loom,  although  simple  in  its  operations  in  the 
first  instance,  comprises  at  the  present  time  many  important 
improvements  for  the  manufacture  of  twills  and  figure  weaving. 
The  revolving  shuttle  box,  and  the  changes  in  colour  and  form 
that  may  be  effected,  enable  it  in  many  cases  to  compete  with 
the  jacquard  loom.  Many  of  the  beautiful  fabrics  of  mixed 
goods  are  woven  in  this  manner ;  and,  judging  from  what  has 
already  been  done,  we  may  reasonably  look  forward  to  still 
greater  improvements  in  the  quality,  as  well  as  the  quantity,  of 
cloth  produced. 

It  might  have  been  desirable  to  have  noticed  the  progressive 
increase  of  this  important  branch  of  industry ;  but  when  it  is 
known  that  a  sum  exceeding  70,000,000?.  sterling  represents  its 
annual  value,  we  have  said  sufficient  to  impress  the  reader  with 
a  desire  for  its  maintenance  and  cultivation. 

We  close  the  chapter  on  cotton  mills  with  a  list  of  wheels, 
speeds,  <fcc,  and  a  list  of  the  most  approved  speeds  of  the  different 
machines,  as  now  in  operation  in  the  mill  of  the  Oriental 
Cotton  Spinning  Company. 
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1 

Rollers  

'21 
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! 

Cards  ...... 

18 

130 

1 

Grinding  machine* 

12 

200 

i 

Drawing  frame  .... 

12 

826 

1 

Blubbing    „  .... 

13 

235 

Uoving      „  .... 

11 

415 

Throstle     „  .... 

10 

502 

1 

Winding    „  .... 
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180 

Beam  warping  .... 
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12 
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CHAPTER  IV. 

WOOLLEN  MILLS. 

The  difference  between  cotton  and  sheep's  wool  is  that  the  one 
is  a  vegetable  and  the  other  an  animal  substance,  and  the  latter, 
being  dissimilar  in  its  characteristic  properties,  requires  a  dif- 
ferent treatment  in  the  manufacturing  processes.    The  nature 
of  the  fibres  of  sheep's  wool,  which  curl  and  hook  into  each 
other,  is  different  to  most  other  fibrous  substances ;  some  of  the 
early  preparatory  stages  in  its  manufacture  into  cloth,  however, 
are  the  same  as  in  that  of  cotton  wool.    The  peculiar  property 
of  some  of  the  animal  wools  is  their  tendency,  when  worked,  to 
entwine  the  fibres,  so  as  to  form  a  species  of  cloth  called  felt, 
without  the  aid  of  spinning  and  weaving.    Hats,  horsecloths, 
and  other  descriptions  of  clothing,  are  made  in  this  way,  and 
that  by  a  process  called  whipping,  which  separates  the  fibres  by 
the  vibration  of  a  piece  of  cord  or  catgut,  drawn  tightly  over  the 
extremities  of  an  elastic  bow.    With  this  instrument  the  fibres 
are  separated  by  a  jerking  motion  of  the  hand,  and  fly  off  in 
fine  flakes  into  a  receptacle  ready  for  use.    It  is  then  worked 
into  a  sort  of  pulp,  in  a  vessel  of  hot  water,  to  the  required 
thickness.    The  same  principle  is  observed  in  fulling  blankets, 
broadcloth,  and  other  fabrics  of  a  similar  kind ;  the  only  dif- 
ference being  that  the  former  is  done  by  hand  in  a  vessel  of 
hot  water,  and  the  latter  by  the  stocks,  or  fulling  mill.    It  is  to 
this  latter,  and  subsequent  processes  where  machinery  is  used, 
that  our  attention  is  chiefly  directed ;  and  for  that  purpose  I 
have  selected  a  woollen  mill  erected  for  the  Turkish  Govern- 
ment at  Izmet,  on  the  Gulf  of  ancient  Nicomedia.    I  might 
have  taken  the  large  establishment  of  Messrs.  B.  Gott  &  Sons 
of  r»eeds  for  illustration ;  but  for  the  same  reason  of  having  all 
the  processes  on  one  floor,  as  in  the  previous  case  of  the  cotton 
factory  at  Bombay,  I  have  deemed  it  necessary  to  do  the  same  in 
that  of  wool. 

H  H 


Digitized  by  Google 


4m  ON  WOOLLEX  MILLS. 

» 

There  is  considerable  novelty  in  the  style  of  the  buildings 
for  these  works,  and  the  arrangement  of  the  machinery.  They 
were  built  in  1843,  and  contained  all  the  improvements  of  woollen 
machinery  up  to  that  date.  They  consist  of  a  quadrangular 
square  with  a  court  a  (fig.  308)  in  the  centre ;  b,  the  entrance  ; 
and  the  buildings  on  each  side,  at  a  a,  contain  the  offices  and 
rooms  for  the  Sultan,  who  took  great  interest  in  the  works,  and 
frequently  visited  them.  The  main  building,  c,  was  appro- 
priated to  the  machinery ;  and  the  side  wings,  d  d,  formed  the 
magazines,  cloth  rooms,  and  other  conveniences,  e,  the  water 
wheel,  in  a  separate  building,  gave  motion  to  the  machinery  in 
every  part  of  the  works.    At  the  end  of  the  wing  buildings  on 

Fig.  303. 


p 


each  side  were  the  steam  boilers  and  retorts  for  gas,  and  the 
designs  were  so  arranged  as  to  lock  up  the  whole  of  the  works 
with  one  key. 

The  buildings  were  erected  close  to  the  waterfall,  on  the 
side  of  a  steep  bank,  and  were  designed  for  the  purpose  of 
having  the  whole  of  the  operations  on  one  floor,  and  within 
sight.  It  was  arched  with  iron,  and  lighted  from  the  top  on  the 
bazaar  principle — a  system  of  building  prevalent  for  ages  in  the 
East.  The  exterior  walls  were  substantially  built  of  stone,  with 
a  portico  and  ornamental  entrance,  B,  in  front.  It  was  originally 
intended  to  have  constructed  another  water  wheel,  as  at  f  ;  this 
was  not,  however,  carried  into  effect. 

Plate  XVII.  is  a  longitudinal  section  of  the  building,  show- 
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ing  the  piers  for  supporting  the  floor,  the  water  wheel,  the 
machinery  of  transmission,  the  dye  house,  the  position  of  the 
machinery,  roof,  &c. 

Plate  XVIII.  is  a  plan  of  the  woollen  mill,  showing  the 
arrangement  of  the  different  lines  of  shafting  and  the  machi- 
nery, the  different  passages  between  the  machines,  the  water 
wheel,  &c. 

It  will  be  seen  from  Plate  XVII.  that  the  floor  of  the  woollen 
mill  is  supported  by  piers  of  brick,  and  resting  upon  these  are 
the  cast-iron  columns,  20  feet  long  and  8  in  diameter,  for  the 
support  of  the  roof.  The  boiler  for  the  dye  works,  which  also 
serves  as  a  heating  apparatus,  is  7  feet  diameter  and  24  feet 
long,  and  from  it  cast-iron  piping  6  inches  in  diameter  ascends 
to  the  woollen  mill  above. 

As  the  machinery  for  driving  the  stocks  and  gigs  is  under- 
neath the  floor  of  the  woollen  mill,  it  could  not  well  be  shown 
in  Plate  XVIII.  I  have  therefore  constructed  an  enlarged  view 
(fig.  304),  which  clearly  shows  the  position  of  the  shafting,  and 
the  description  of  machinery  they  have  to  drive. 

Water  Wheel  and  Mill-work. — Near  the  city  of  Izmet  a  river 
of  considerable  dimensions  cascades  from  a  height  of  28  feet 
into  the  gulf,  and  on  the  banks  of  this  stream,  in  the  im- 
mediate vicinity  of  the  sea,  the  mill  was  erected.  The  water 
wheel  is  on  the  suspension  principle,  and,  together  with  the 
mill-work,  was  manufactured,  and  the  buildings  erected,  by 
Messrs.  W.  Fairbairn  &  Sons,  Manchester.  It  is  entirely  of 
iron,  30  feet  diameter  and  13  feet  wide,  with  72  buckets,  1  foot 
6  inches  deep,  and  an  opening  of  7  inches  for  the  entrance  of 
the  water  into  the  bucket.  The  internal  segment,  a  (fig.  304), 
28  feet  2£  inches  diameter,  324  cogs,  $\  inch  pitch,  and  14 
inches  wide  on  the  cog,  drives  the  pinion,  b>  5  feet  diameter, 
and  gives  motion  to  a  strong  cross  shaft  and  bevel  wheel,  c,  from 
which  the  motion  is  conveyed  to  the  mill  by  the  vertical  shaft 
d,  and  the  shaft/,  driving  the  gig  and  stock  shafts  h  and  g. 

From  this  arrangement  of  the  first-motion  wheels,  it  will  be 
seen  (see  also  Plate  XVII.)  that  the  motive  power  comes  almost 
direct  upon  the  heaviest  portion  of  the  machinery,  such  as  the 
stocks  and  gig  machines  ;  and  by  the  vertical  shaft  d,  and  the 
horizontal  and  cross  shafts  above,  it  is  transmitted  to  the  lighter 
descriptions  of  machinery  in  other  parts  of  the  mill.  The  lower 
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portion  of  the  cast-iron  vertical  shaft  is  11  inches  diameter; 
but  after  giving  oft*  the  necessary  power  by  bevel  wheels  to  the 
horizontal  shaft  for  the  stocks,  gigs,  and  scouring  machines,  it  is 

Tig.  304. 


reduced  to  10  inches,  and  tapers  to  8  inches  at  the  top.  The 
shafts,/,  g,  h9  and  k  (fig.  304),  are  of  cast  iron;  /  is  7£  inches 
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diameter,  g  8  inches  diameter,  h  5£  inches  diameter,  and  the 
shaft  k  12  inches  diameter.  The  main  horizontal  shafts  (Plate 
XVIII.)  are  4 J  inches  diameter,  and  taper  to  4  inches  at  their 
extreme  ends.  A  plan  of  the  position  of  the  stocks,  gigs,  and 
washing  and  scouring  machines,  is  shown  in  fig.  304. 
The  processes  pursued  in  a  woollen  mill  are : 

1.  Sorting  and  washing. 

2.  Teasing  and  opening. 

3.  Carding,  roving,  and  spinning. 

4.  Warping,  dressing,  and  weaving.* 

By  these  different  stages  of  manufacture  the  wool  is  con- 
verted into  cloth.  The  after  processes  may  be  described  very 
.  briefly  as  follows :  After  a  somewhat  similar  preparatory  pro- 
cess of  carding,  roving,  and  spinning,  similar  to  that  described 
under  the  article  Cotton,  it  is  taken  as  it  comes  from  the  loom, 
and  submitted  to  careful  washing,  by  running  it  over  reels 
through  a  cisteru  of  water.  From  this  it  is  transferred  to  the 
stocks,  or  fulling  mill,  and  is  there  submitted  to  the  action  of 
the  stock  by  constant  pounding  with  soap  and  water  in  covered 
boxes,  till  it  attains  the  required  consistency  of  thickness  ac- 
cording to  the  quality  or  degree  of  fineness  of  the  cloth.  After 
this  process  it  is  again  washed  with  pure  water  before  it  passes 
to  the  gigs.  Here  it  is  subjected  to  a  severe  and  almost  reverse 
process ;  the  stocks,  by  a  constant  rolling  of  the  cloth  in  a  cir- 
cular box,  give  it  a  thickening  or  felting  character,  by  the 
contraction  and  twisting  of  the  fibres.  But  the  gigs  effect  a 
process  of  separation  by  teasles  (the  prickly  husk  or  pod  of  the 
plant  known  by  botanists  as  Dipsacus  fullorum)  fixed  in  a  frame 
attached  to  the  circumference  of  a  cylinder  about  3  feet  9  inches 
in  diameter,  run  at  a  velocity  sufficient  to  draw  out  the  fibres, 
and  lay  them  parallel  with  the  line  of  the  cloth.  This,  it  will 
be  observed,  is  the  very  reverse  of  the  previous  process,  and  by 
a  system  of  teasle  carding,  the  cloth  is  now  prepared,  when  dry, 
ready  for  the  shearing  or  Lewis  frame. 

The  old  process  of  shearing  was  effected  by  stretching  the 
cloth  in  a  frame  of  convenient  length,  supported  by  cushions. 
On  the  top  of  the  cloth  were  fixed  two  large  blades  or  knives 
worked  by  power,  which,  acting  as  a  pair  of  scissors,  clipped  off 
the  projecting  fibres,  and  gave  what  is  called  a  nap  or  smooth 
surface  to  the  body  of  the  cloth. 

*  For  further  information  respecting  the  processes,  see  Appendix  III. 
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This  operation  has,  however,  been  superseded  by  the  Lewis 
frame,  invented  by  Mr.  Lewis  about  the  beginning  of  the  present 
century.  This  machine  consists  of  an  iron  frame  with  fixed 
rollers,  over  which  the  cloth  is  drawn,  and  in  its  passage  a  roller 
with  a  series  of  thin  steel  blades  or  spiral  cutters  revolves  at 
great  velocity,  and  cuts  off  the  outstanding  fibres,  previously 
drawn  into  position  in  line  with  the  cloth  by  the  gig  machine. 
This  is  an  expeditious  as  well  as  an  accurate  process,  and  the 
cloth  sheared  in  this  manner  presents,  when  finished,  a  close,  a 
shining,  and  a  smooth  texture. 

After  the  shearing  the  cloth  is  transferred  to  the  brushing" 
machines,  where  it  undergoes  a  similar  treatment  in  the  dry, 
as  it  received  from  the  gig  machines  in  the  wet,  state ;  it  is  then 
well  brushed  and  finished  ready  for  the  market. 

I  have  endeavoured  in  this  short  description  of  the  different 
processes  to  give  some  idea  of  the  manufacture  of  woollens,  as 
the  whole  of  the  machinery  in  former  times  was  constructed  by 
the  millwright.  Now  it  is  in  the  hands  of  the  machine  maker  ; 
and,  like  every  other  manufacturing  operation  of  modern  times, 
the  division  of  labour,  and  the  organisation  of  separate  trades, 
warrant  the  extended  use  of  machinery  for  despatch  in  the 
manufacture,  and  thus  insure  greatly  increased  economy,  and 
much  greater  perfection  in  the  quality  of  the  cloth  produced. 

It  will  be  noticed  that  the  manufacture  of  woollen  cloths, 
such  as  broadcloths,  flannels,  blankets,  &c,  is  chiefly  derived 
from  the  short  wools.  There  is,  however,  a  considerable  difference 
between  the  woollen  and  the  worsted  fabrics,  consisting  chiefly 
in  the  woollen  yarn  being  very  slightly  twisted,  so  as  to  leave 
the  fibres  at  liberty  for  the  process  of  felting,  whilst  the  worsted 
yarn  is  made  from  long  wool,  hard  spun,  and  formed  into  much 
stronger  thread.  The  worsted  manufacture,  and  all  the  mixed 
fabrics  of  wool,  cotton,  flax,  and  silk,  are  made  by  a  different 
process  to  that  of  woollen  cloth.  In  the  former,  the  wool, 
mohair,  or  alpaca  is  cleaned  and  washed  similar  to  the  shorter 
wool.  It  is  then  combed,  formerly  by  hand  combs,  with  rows 
of  long  teeth,  but  now  by  machines  of  different  constructions, 
some  of  them  of  the  circular  form  heated  by  steam,  and  others 
with  the  teeth  of  the  combs  in  line.  In  combing,  a  little 
sprinkling  of  oil  is  necessary,  in  the  proportion  of  a  fiftieth  or 
a  sixtieth  of  the  weight  of  the  wool,  in  order  to  increase  the 
pliancy  and  ductility  of  the  filaments,  and  to  straighten  them 
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in  parallel  layers  as  they  are  drawn  from  the  teeth  of  the  comb, 
and  formed  into  a  roving  or  sliver.  From  the  combing  machine 
the  slivers  go  to  the  drawing  and  roving ;  and  from  thence  to 
the  spinning  machines,  in  every  respect  similar  to  the  throstles 
or  water  frames  used  for  cotton.  In  some  cases,  and  for  some 
description  of  wools,  carding  is  substituted  for  combing,  and 
the  usual  subsequent  processes  of  drawing,  roving,  &c,  are  gone 
through,  as  in  many  other  operations  where  the  wool  travels 
from  its  raw  state  to  that  of  yarn. 

In  both  the  woollen  and  the  worsted  manufactures  the 
processes  are  probably  more  complex  than  those  of  most  other 
textile  fabrics ;  and  in  that  of  power  weaving  the  difficulties  to 
be  encountered  have  been  considerable,  owing  to  the  softness 
of  the  material  and  want  of  twist,  or  hardness  in  the  yarn 
forming  both  weft  and  warp.  From  this  cause  the  power  loom 
has  made  slower  progress  in  the  woollen  manufacture  than  in 
that  of  worsted  and  all  kinds  of  mixed  stuffs,  where  a  stronger 
yarn  and  more  rigid  material  has  to  be  dealt  with. 

The  woollen  and  worsted  trades,  like  most  other  manufac- 
tures, have  increased  in  an  accelerated  ratio  from  the  commence- 
ment of  this  century  up  to  the  present  time.  We  have  no 
reliable  returns  of  the  state  of  the  manufacture  at  the  beginning 
of  the  present  century ;  but  in  1857,  according  to  the  factory 
returns,  there  were  806  woollen  and  4  15  worsted  mills  at  work, 
and  the  total  value  of  the  exports  of  woollen  and  worsted  goods 
and  yarn  was  13,645,1 75J.,  or  about  one-fifth  of  that  of  cottoiu. 
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CHAPTER  V. 

FLAX  MILLS. 

Flax  mills  are  contemporary  with  those  for  the  manufacture 
of  cotton  and  wool ;  and,  in  fact,  it  may  be  said  that  this  and 
almost  every  other  branch  of  industry  received  its  impetus  from 
the  introduction  of  the  steam  engine  and  the  improved  ma- 
chinery of  Arkwright,  which  speedily  found  its  way  with  certain 
modifications  to  the  manufacture  of  other  textile  fabrics  besides 
cotton.  Messrs.  Marshall  and  the  late  Matthew  Murray,  ma- 
chine makers  of  Leeds,  are  entitled  to  the  merit  of  having  been 
the  first  to  introduce  machinery  for  the  spinning  of  flax ;  and 
the  mills  of  Messrs.  Marshall  have  been  in  operation  since  the 
close  of  the  last  century  to  the  present  time.  Belfast  and  the 
linen  districts  of  the  North  of  Ireland  were  for  many  years 
supplied  with  linen  yarn  almost  exclusively  from  Leeds  ;  and 
nothing  was  done  by  the  Irish  manufacturers  in  the  shape  of 
spinning  their  own  flax  until  1824,  when  the  first  mill  was 
built  by  Messrs.  Mulholland  of  Belfast.  Since  that  time  flax 
mills  have  increased  to  an  extent  which  rivals  if  it  does  not  ex- 
ceed the  manufacture  of  Leeds. 

The  eastern  districts  of  Scotland,  Fifeshire,  and  Dundee 
were  early  in  the  field,  and  even  as  far  north  as  Aberdeen  the 
manufacture  of  flax  has  been  in  a  flourishing  state.  The  Scotch 
flax  specimens  are,  however,  chiefly  employed  in  the  sailcloth 
and  shirting  manufacture,  and  the  facilities  afforded  for  the 
import  of  flax  from  Russia  and  the  Baltic  are  powerful  induce- 
ments for  the  extension  of  the  manufacture  in  that  part  of  the 
United  Kingdom.  They  also  spin,  as  well  as  the  Irish,  con- 
siderable quantities  of  home-grown  flax,  and  the  mills  in  both 
countries  give  employment  to  an  active  and  industrious  popu- 
lation. 

Mr.  I.  G.  Marshall  states,  in  a  paper  read  before  the  British 
Association  for  the  Advancement  of  Science,  *  that  the  first 
essay  in  flax  spinning  in  Leeds  was  made  at  a  small  mill  driven 
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by  water,  called  Scotland  Mill,  about  four  miles  from  Leeds,  by 
my  late  father,  John  Marshall,  in  partnership  with  Samuel 
Fenton  of  Leeds,  and  Ralph  Dearlove  of  Knaresborough.  This 
was  in  1788  and  1789. 

*  The  wonderful  success  and  large  profits  attending  the  in- 
troduction of  Arkwright's  invention  into  cotton  spinning  had 
about  this  time  attracted  general  attention  to  mechanical  im- 
provements applied  to  manufacturing  purposes.  The  spinning 
of  flax  by  machinery  was  a  thing  much  wished  for  by  linen 
manufacturers.  It  attracted  the  attention,  amongst  others,  of 
Mr.  Marshall,  who  was  so  strongly  impressed  with  the  advan- 
tageous field  for  invention  and  enterprise  offered  by  flax  spin- 
ning, that  he  devoted  himself  entirely  to  the  new  enterprise. 

*  It  appears  that  some  attempts  at  flax  spinning  had  already 
been  made  on  a  small  scale  at  Darlington,  and  some  other 
places,  as  the  first  spinning  machines  used  at  Scotland  Mill 
were  on  a  patent  plan  "of  Kendrew  &  Co.  of  Darlington.  This 
did  not  answer ;  experiments  were  made,  and  a  patent  taken 
out  for  a  plan  of  Matthew  Murray's,  then  foreman  of  mechanics 
with  Mr.  Marshall. 

'In  1791  a  mill  was  built  in  Holbeck,  Leeds,  and  at  first 
driven  by  one  of  Savery's  steam  engines,  in  combination  with  a 
water  wheel ;  but  in  1 792  one  of  Boulton  and  Watt's  steam 
engines  of  28-horse  power  was  put  down.  In  1793  there  were 
900  spinning  spindles  at  work.  We  may  take  this  small  item 
as  our  first  statical  datum  of  flax  spinning  in  Leeds.' 

Dr.  Ure,  in  his  '  Philosophy  of  Manufactures,'  speaking  of 
flax,  states  that '  flax  is  the  bark  or  fibrous  covering  of  the  stem 
of  the  well-known  plant  called  by  botanists  linum,  because  it 
constitutes  the  material  of  linen  cloth.  The  spinning  filaments 
are  separated  from  the  parenchymatous  matter  either  by  steep- 
ing the  plant  in  water,  or  by  exposing  it  for  some  time  to  the 
action  of  the  air  and  weather.  The  former,  which  is  the  com- 
monest or  safest  method,  is  called  water  retting ;  the  latter  is 
called  dew  retting.*  Both  act  by  a  slight  degree  of  ferment- 
ation in  the  substance  which  attaches  the  flaxy  filaments  to  the 
vegetable  vessels  and  membranes.    The  crude  flax  is  dried  by 

*  Since  Dr.  Ure's  work  was  written  new  chemical  processes  have  been  adopted 
for  sei»arating  the  hark  or  husk  from  the  tiaxy  fibre,  by  which  a  great  saving  of 
time  is  effected,  the  new  process  occupying  only  a  few  days,  whrreas  six  weeks 
win-  required  hy  the  old  stopping  process. 
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being  spread  on  the  grass,  and  is  then  subjected  to  an  instrument 
called  the  brake,  which  breaks  and  separates  the  boon  or  core 
from  the  true  textile  flax.' 

As  considerable  interest  is  attached  to  the  retting  process,  so 
as  to  cause  the  bark  or  straw  to  separate  freely  from  the  fila- 
ments, it  is  necessary  to  ascertain  that  the  retting  is  perfect  and 
well  dried,  after  which  they  are  exposed  to  the  action  of  the 
double  breaking  machine ;  and  to  this  and  subsequent  processes 
where  machinery  comes  into  requisition  I  shall  more  exclusively 
confine  my  attention. 

To  illustrate  this  subject,  I  might  have  selected  the  large 
mills  of  Messrs.  Marshall,  with  whose  works  I  have  been  pro- 
fessionally connected  for  a  number  of  years ;  but  as  these  exten- 
sive works  do  not  weave  the  yarn  into  cloth,  and  as  some  of  the 
machinery  is  in  mills  five  stories  high,  and  the  new  mills  are 
under  brick  arches  lighted  from  the  top,  it  was  found  more 
convenient  to  select  a  smaller  establishment,  where  the  whole 
of  the  processes  are  carried  on,  from  the  flax  as  it  comes  from 
the  grower  till  it  issues  from  the  mill  in  the  shape  of  cloth. 
To  attain  these  objects  I  have  chosen  a  mill  erected  some  years 
since  at  Narva,  in  Russia,  for  the  Baron  Stieglitz,  the  descrip- 
tion of  which  is  as  follows  : 

Fig.  305  is  a  longitudinal  section,  showing  the  water  wheel, 
the  machinery  of  transmission,  the  brick  arching  for  rendering 
the  building  fireproof,  the  pillars  for  supporting  the  floors, 
roof,  &c. 

Fig.  306  is  a  plan  showing  the  form  of  the  building,  the  en- 
trance, arrangements  of  the  power  looms,  heating  apparatus,  &c. 

The  mill  was  built  on  the  side  of  a  steep  bank,  and  a  system 
of  arching,  not  shown  in  the  drawing,  was  found  necessary  for 
the  purpose  of  levelling  the  surface.  On  the  piers  of  these 
arches,  the  cast-iron  pillars  for  the  support  of  the  iron  beams 
and  arches  were  placed,  and  over  the  water  wheel  is  a  strong 
wro ught-iron  girder,  which  supports  two  of  the  columns  and  the 
arched  floors  above,  rendering  the  whole  structure  perfectly  fire- 
proof. On  reference  to  the  plan  (fig.  306)  it  will  be  seen  that 
the  building  is  rectangular,  with  a  wing  A'  at  one  end.  A  bleach 
house  is  attached  to  the  end  of  the  mill  next  the  water  wheel, 
and  a  shaft  running  parallel  to  the  wall  b  b'  (fig.  306),  connected 
by  a  cross  shaft  extending  the  whole  length  of  the  bleach  house, 
gives  motion  to  the  machinery  of  that  part  by  a  pair  of  bevel 
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wheels  through  the  opening  B'.  These  wheels  are  marked  k 
and  l  in  the  list  of  wheels  and  speeds.  The  lower,  or  first 
floor,  contains  the  looms  for  weaving.  On  the  second  floor 
(fig.  305)  the  preparatory  process  is  carried  on,  and  the  top  or 
third  floor  is  exclusively  employed  for  spinning.  The  heating 
apparatus  consists  of  a  boiler,  5  feet  diameter  and  12  feet  long, 
from  which  cast-iron  piping  6  inches  diameter  ascends  to  the 
various  rooms.  The  mill  is  lighted  with  gas  by  piping  from 
another  mill  near  at  hand,  belonging  to  the  same  company. 
The  roof  consists  of  wrought-iron  principals,  to  which  red  deal 
planking  1£  inch  thick,  stretching  from  one  principal  to  the 
other,  is  securely  bolted.  This  planking  was  covered  with 
wrought-iron  sheet  plating  over  the  entire  roof,  as  in  general 
use  in  St.  Petersburg  and  Moscow. 

During  the  building  of  the  mill,  it  was,  however,  determined 
to  carry  the  walls  6  feet  higher  than  they  are  shown  in  fig.  805 ; 
and  by  this  elevation  a  large  room,  223  feet  long  and  71  feet 
wide,  was  attained,  without  pillars,  for  reeling  through  its  entire 
length.  At  C  (fig.  30G)  is  the  entrance  ;  and  over  the  staircase 
a  water  cistern,  40  feet  long  by  12  feet  wide  and  6  feet  deep, 
was  placed  in  the  attic  story  for  supplying  the  frames  with 
water  and  for  various  other  conveniences  of  the  mill. 

The  motive  power  consists  of  a  water  wheel  with  ventilated 
buckets,  24  feet  diameter  and  20  feet  wide.  It  contains  56 
buckets,  with  an  opening  of  7  J  inches  between  them  for  the 
entrance  of  the  water.  The  internal  segments  are  20  feet  4J 
inches  in  diameter,  with  192  cogs,  4  inch  pitch,  and  14  inches 
wide  on  the  cog.  Into  this  wheel  the  pinion  A,  4  feet  6j  inches 
diameter,  with  43  cogs,  gears.  On  the  pinion  shaft  a  wheel, 
12  feet  1  inch  diameter,  is  keyed,  to  give  motion  to  a  second 
pinion,  4  feet  6 -J  inches  diameter,  which  is  keyed  on  the  shaft 
for  driving  the  upright  at  an  accelerated  speed ;  and  on  this 
shaft  the  bevel  wheel  A,  which  drives  the  upright,  is  also  keyed. 
By  reference  to  the  list  of  wheels  and  speeds,  pages  487  and 
488,  the  form  and  dimensions  of  the  other  wheels  will  be  found. 
The  vertical  shaft  B  is  8J  inches  diameter,  and  tapers  to  <5J 
inches.  The  main  horizontal  shaft  over  the  looms  and  in  the 
preparing  room  are  3J  inches  diameter,  and  taper  to  2 j  inches 
at  the  end.  In  the  third,  or  spinning  room,  the  main  horizontal 
shaft  is  3J  inches  diameter,  and  tapers  to  2£  inches  at  the  ex- 
treme end.    The  minor  cross  shafts  are  of  the  same  description 
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as  those  in  cotton  mills,  already  noticed  at  page  45G,  and  there- 
fore need  no  further  description. 

The  Process. — Preparatory  to  the  flax  being  scutched  it  is 
passed  over  a  machine  called  a  breaker.  This  machine  consists 
of  several  coarsely -fluted  rollers  of  cast  iron,  which  are  heavily 
weighted,  and,  as  the  flax  is  passed  through  between  them,  the 
straw  or  boon,  which  has  become  quite  brittle  by  the  process  of 
retting,  is  broken  and  partly  separated  from  the  fibres  of  flax. 
The  stricks,  or  handfuls  of  flax,  are  now  passed  on  to  the 
scutching  machines,  to  have  the  broken  straw  separated  from 
the  fibre.  This  is  effected  by  causing  a  series  of  rapidly- 
revolving  blades  or  beaters  to  come  in  contact  with  the  pendent 
stricks  of  flax ;  and  by  repeated  blows  to  clear  off  the  straw 
and  give  a  softness,  to  the  flax  fibre.  There  is  necessarily  a 
portion  of  fibre  carried  off  by  these  beaters.  This  is  afterwards 
taken  out  from  amongst  the  shives  or  broken  straws,  and  is 
partly  cleaned.  It  is  called  the  scutching  tow,  and  is  spun  into 
yarns  of  the  coarsest  quality.  The  scutched  flax  is  now  made 
up  into  bundles,  or,  as  they  are  called,  heads  of  flax,  and  in 
this  state  sold  to  the  manufacturer. 

As  the  roots  and  top  parts  of  the  flax  are  of  a  quality  infe- 
rior to  the  middle  portion,  it  is  sometimes  found  advantageous 
to  cut  the  flax  into  three  lengths  :  this  is  generally  done  with 
the  finest  description  of  flax  from  Courtrai  and  Flanders.  The 
machine  used  for  this  purpose  is  a  breaking  machine,  consist- 
ing of  four  pairs  of  grooved  rollers  and  a  rapidly-revolving  plate 
about  20  inches  diameter,  with  a  number  of  projecting  dia- 
mond-shaped steel  cutters  on  its  outer  circumference.  These 
cutters  occupv  a  space  of  about  1£  inch  in  width.  The  work- 
man takes  a  strick  of  flax,  and  places  it  so  that  it  will  meet  the 
cutter  at  the  exact  place  where  he  wishes  the  strick  to  be 
broken,  and  allows  the  ends  to  pass  on  each  side  between  pairs 
of  grooved  rollers,  which  slowly  revolve.  These  carry  forward 
the  flax  and  hold  it  firmly,  whilst  the  revolving  plate  with  the 
cutters  gradually  breaks  through  the  whole  of  the  fibres,  and 
the  strick  is  severed  in  two.  The  same  process  breaks  off  the 
outer  end.  These  machines  are  generally  made  double  with 
four  pairs  of  grooved  rollers,  i.e.  two  pairs  on  each  side  of  the 
revolving  cutters,  so  that  two  men  can  be  employed  on  the 
same  machine  at  the  same  time. 


Digitized  by  Google 


460 


OX  FLAX  MILLS. 


The  flax,  whether  divided  or  in  its  full  length,  must  now 
pass  in  succession  through  the  various  processes  of  heckling, 
spreading,  drawing,  roving,  and  spinning. 

I  may  here  describe  an  important  difference  between  the 
state  in  which  the  raw  material  flax  is  presented  to  the  spinner, 
and  that  in  which  cotton,  wool,  or  silk  is  found  previous  to 
being  manufactured.  The  fibres  of  cotton,  wool,  and  silk  are 
supplied  by  nature  already  in  their  finest  state  of  subdivision ; 
they  require  merely  to  be  straightened  and  formed  into  a  con- 
tinuous thread.  In  raw  flax,  on  the  other  hand,  the  ultimate 
fibres,  which  are  very  fine,  are  united  by  a  gummy  matter  into 
broad  strips  or  ribands ;  and  a  very  operose  process,  called  heck- 
ling, is  required  to  subdivide  the  material  into  finer  fibres  before 
the  spinning  process  can  begin. 

Heckling,  the  first  of  these  processes,  consists  in  effectually 
completing  the  process  commenced  in  scutching,  and  in  split- 
ting the  fibres  so  as  to  make  them  equal  in  size,  and  also  ca- 
pable of  being  spun  to  as  fine  numbers  as  possible.  Heckling 
machines  are  various,  according  to  the  quality  of  the  flax  to  be 
operated  upon ;  a  description  of  one  machine,  however,  will 
suffice  to  show  the  manner  in  which  the  process  is  carried  out. 
Take  for  example  Baxter's  Street  Heckling  Machine  for  Long 
Line,  and  it  will  be  found  that  this  machine  consists  general!}* 
of  six  gradations  of  heckles  (although  that  number  may  be 
increased  if  required),  fastened  upon  a  strong  leather  sheet  8 
feet  wide,  each  heckle  being  16  inches  long.  This  sheet  runs 
at  a  quick  speed  over  two  rollers,  and  inclines  downwards  from 
the  part  where  the  heckles  first  strike  the  flax.  The  flax  is 
divided  into  stricks,  or  handfuls,  and,  being  spread  into  holders, 
is  there  firmly  compressed  by  bolts,  a  little  more  than  one-half 
of  the  whole  length  of  fibre  being  allowed  to  hang  from  the 
bottom  bite  of  the  holder.  The  holder  with  the  pendent  strick 
of  flax  is  now  introduced  into  the  head  of  the  machine,  which 
is  movable  up  and  down,  and  by  a  self-acting  motion  the  holder 
is  pushed  forward  so  as  to  arrive  exactly  over  the  first  tool  or 
set  of  heckles  when  the  head  is  at  the  highest ;  consequently, 
the  heckles  commence  operating  upon  the  ends  of  the  flax  at 
first,  and  gradually  enter  deeper  into  the  strick  as  the  head 
descends.  When  the  head  has  attained  its  lowest  point,  the 
bite  of  the  holder  is  quite  close  upon  the  points  of  the  heckle 
pins.  The  head  dwells  in  this  position  for  a  short  time,  to  give 
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the  flax  a  proper  amount  of  heckling,  and  then  rises  again  to 
the  top,  pushing  the  holders  forward  to  the  next  tool,  then 
turning  them  round  so  as  to  present  the  other  side  of  the  flax 
to  the  pins.  The  same  thing  is  repeated  to  each  holder,  until 
it  has  passed  over  the  whole  of  the  six  tools.  It  will  be  under- 
stood that  each  tool  contains  heckles  finer  and  closer  set  than 
its  predecessors,  so  that  the  action  upon  the  flax  is  very  gradual, 
and  that  there  is  at  all  times  a  strick  of  flax  upon  each  tool,  so 
that  there  is  one  delivered  at  each  rise  of  the  head.  When  the 
holder  and  flax  is  delivered  from  the  machine,  the  heckled  por- 
tion of  the  flax — which,  it  will  be  observed,  is  little  more  than 
half— is  spread  into  a  holder  and  fastened  as  before ;  the  other 
end  is  liberated  from  the  holder,  and  is  in  its  turn  subjected  to 
the  process  of  heckling.  The  short,  loose,  and  weakest  fibres, 
which  are  taken  out  by  the  heckle  teeth,  are  called  tow,  which 
is  also  spun  into  yarn,  but  of  a  quality  inferior  to  that  produced 
from  line  or  heckled  flax. 

The  first  machine  over  which  the  heckled  flax  or  line  is 
passed,  is  the  spreader  or  first  drawing  frame,  the  object  of 
which  is  to  transform  the  stricks  into  an  endless  riband  or 
sliver. 

The  stricks  of  '  line '  are  subdivided  by  the  attendant  into 
still  smaller  portions,  of  an  equal  weight,  and  laid  upon  a  tra- 
velling sheet,  each  small  portion  being  slightly  elongated  by 
the  hands,  and  laid  so  as  to  overlap  about  three-fourths  of  the 
length  of  that  which  was  spread  before  it,  it  being  desirable  in 
spreading  to  have  as  equal  a  thickness  over  the  whole  sheet  as 
possible.  This  travelling  sheet  carries  forward  the  flax  to  a 
pair  of  rollers  called  retaining  rollers,  which  revolve  at  the 
same  surface  speed  as  the  feed  sheet.  At  a  distance  (regu- 
lated by  the  length  of  the  fibre)  from  the  retaining  rollers  are 
another  pair  of  rollers  called  drawing  rollers,  and  the  inter- 
vening space  is  filled  with  iron  bars  or  fallers,  on  which  are 
fastened  a  series  of  gills  or  heckles.  These  fallers  rise  up  close 
in  front  of  the  retaining  rollers,  and  the  pins  of  the  heckles 
enter  into  the  flax  as  it  is  passed  through  by  these  rollers,  and 
carry  it  forward  to  the  drawing  rollers,  the  speed  of  the  fallers 
being  calculated  to  take  the  flax  exactly  as  it  is  delivered  by 
the  retaining  rollers.  The  drawing  rollers  revolve  at  a  surface 
speed,  varying,  according  to  the  material,  from  20  to  60  times 
that  of  the  retaining  rollers  and  gill  bars.    The  flax  is  conse- 
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quently  drawn  out  by  these  rollers  to  a  length  from  20  to  60 
times  what  it  was  when  originally  laid  upon  the  sheet. 

A  spreader  is  generally  composed  of  two  feed  sheets,  and  to 
each  sheet  there  are  two  gills  ;  there  are,  therefore,  four  slivers 
formed  on  the  machine  at  one  time,  all  of  which,  by  means  of 
a  condensing  plate  with  four  diagonal  holes  placed  in  front  of 
the  drawing  roller,  are  doubled  into  one,  and  passed  through  a 
delivering  roller  into  a  can.  Each  can  is  calculated  to  hold  a 
certain  length  of  sliver ;  and  the  ringing  of  a  bell,  connected 
with  the  delivery  roller,  informs  the  attendant  when  that  length 
has  been  delivered. 

Next  comes  the  drawing  frame.  A  certain  number  of  cans 
as  they  come  from  the  spreader  are  taken,  weighed,  and  formed 
into  sets  of  12,  16,  or  24  per  set,  as  the  case  may  be,  the  heavy 
and  the  light  cans  being  arranged  so  that  the  total  weight  of 
each  set  is  the  same.  The  slivers  from  these  cans  are  then  con- 
ducted, 4  or  6  together,  between  a  pair  of  retaining  rollers  as 
in  the  spreader,  drawn  by  drawing  rollers  through  gills,  in  the 
same  manner,  and  all  the  slivers  of  the  set  are  again  doubled 
and  delivered  into  one  can.  The  draught  between  the  retaining 
and  drawing  rollers  is  not,  however,  so  great  in  the  drawing 
frames  as  in  the  spreader,  varying  only  (according  to  the  mate- 
rial) from  8  to  24.  The  process  of  drawing  and  doubling  is 
again  repeated  until  the  sliver  is  of  an  equal  thickness  in  all  its 
parts,  care  having  been  taken  to  regulate  the  draught  of  the 
machines,  so  that  the  number  of  yards  of  sliver  in  one  pound 
is  suitable  for  the  size  of  the  yarn  to  be  spun. 

The  roving  frame  is  the  next  machine  over  which  the  sliver 
is  passed.  The  process  of  elongating  the  sliver  in  this  machine 
is  the  same  as  in  the  drawing  frames ;  but,  instead  of  its  being 
doubled  after  passing  the  drawing  rollers,  each  sliver  is  slightly 
twisted  by  a  flyer,  and  laid  upon  a  wooden  bobbin.  Most 
roving  frames  are  now  made  self-regulating,  in  the  same  man- 
ner as  those  used  in  the  cotton  manufacture,  the  only  difference 
being  that  for  most  kinds  of  flax  the  bobbins  are  larger  than 
for  cotton.  The  line  is  now  prepared  ready  for  the  spinning 
frame. 

The  tow  or  short  fibres  thrown  out  by  the  heckling  ma- 
chines has  also  to  undergo  a  process  of  preparation  but  slightly 
different  from  that  to  which  the  line  is  subjected. 

The  first  operation  consists  of  cleaning  and  straightening 
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the  tangled  fibres  by  means  of  a  carding  engine.  This  machine 
is  composed  of  a  large  cylinder  4  or  5  feet  in  diameter,  and  G 
or  8  feet  in  width,  the  whole  of  its  circumference  being  covered 
with  teeth  set  closely  together,  projecting  about  }  of  an  inch, 
and  slightly  inclined  in  the  direction  in  which  the  cylinder 
turns.    The  cylinder  revolves  at  about  1 50  or  200  revolutions 
per  minute,  and  is  surrounded  by  several  rollers,  also  covered 
with  pins,  which  assist  in  straightening  and  equalising  the  tow. 
The  first  of  these  rollers  are  the  feeders,  a  pair  of  rollers  about 
2^  inches  diameter,  which,  being  fed  from  a  creeping  sheet 
(similar  to  that  employed  in  the  spreader),  pass  the  tow  slowly 
to  the  cylinder ;  but,  having  their  teeth  set  at  an  angle  so  as  to 
retain  the  tow,  the  cylinder  can  only  take  a  small  portion  at  a 
time.    After  the  feeders  come  several  pairs  of  rollers,  G  or  7 
inches  diameter,  called  workers  and  strippers.    The  workers 
revolve  slowly  with  the  cylinder,  but  with  their  teeth  set  at  a 
keen  angle,  and  pointing  so  as  to  take  the  material  that  does  not 
lie  straight  upon  the  cylinder.    The  worker  is  then  cleared  by 
the  stripper,  which  revolves  much  more  rapidly,  but  not  so  fast 
as  the  cylinder,  which  in  its  turn  clears  the  stripper.    The  tow 
is  thus  passed  on  through  several  pairs  of  workers  and  strip- 
pers, each  succeeding  pair  being  set  closer  to  the  cylinder  and 
to  each  other  until  it  arrives  at  the  doffers,  which  are  the  last 
of  the  rollers  upon  the  card.    A  card  has  generally  2  or  !! 
doffers,  the  last  being,  of  course,  set  closer  to  the  cylinder  than 
the  first;  these  cylinders  are  about  14  inches  diameter,  and 
have  the  teeth  bent  in  the  same  manner,  and  revolve  in  the 
same  direction,  as  the  workers.    The  tow  is  stripped  from  tho 
doffers  by  the  rapid  strokes  of  a  knife,  which  rises  and  falls 
close  to  the  pins  on  the  face  of  the  roller,  and  the  fibres  are 
conducted  and  delivered  by  rollers  in  the  form  of  a  continuous 
sliver.    As  it  is  generally  necessary  to  pass  the  tow  over  two 
cards,  the  slivers  from  the  first  card  are  formed  by  a  lapping 
machine  into  a  ball  about  20  inches  diameter,  and  from  this 
fed  to  a  second  card,  which  is  called  the  finisher.    The  con- 
struction of  the  finisher  card  is  the  same  as  the  first  or  breaker 
card,  but  the  pins  are  finer  and  set  still  more  closely.  There 
is  also  attached  to  the  front  of  the  most  improved  finisher 
cards  a  drawing  head,  in  which  all  the  slivers  are  drawn  over 
a  rotary  or  porcupine  gill,  doubled  over  a  plate,  and  delivered 
into  one  can. 
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The  cans  from  the  finisher  card  are  now  arranged  into  Bets, 
and  the  slivers  are  doubled,  drawn,  and  made  into  rove  in  the 
same  manner  as  line. 

The  most  important  machine  that  has  been  for  some  years 
introduced  into  the  flax  trade,  is  that  known  as  Flishmann's 
Tow-Combing  Machine,  similar  to  that  used  in  the  manufacture 
of  cotton.  By  passing  tows  over  this  machine,  they  are  cleared 
from  all  impurities,  as  well  as  from  the  little  buttons  and  knots 
formed  both  in  heckling  and  carding,  and  thus  nothing  is  left 
but  clear  fibre.  Yarns  can  be  spun  from  the  tow  to  the  same 
fineness,  and  having  as  good  an  appearance  as  the  yarns  pro- 
duced from  the  heckled  line.  As  yet,  tow  combing  is  only 
carried  on  by  a  few  of  the  most  advanced  houses  in  the  trade, 
but  there  is  every  probability  that  in  a  few  years  it  will  become 
much  more  general.  Each  of  the  various  kinds  of  combing 
machines  now  in  use  for  wool,  and  several  designed  expressly 
for  the  purpose,  have  been  tried  on  tows. 

The  great  desiderata  in  each  case  are : 

1,  The  thorough  cleaning  of  the  tows  from  all  buttons, 
shives,  <&c. 

2.  The  attainment  of  the  above  object  with  the  smallest 
possible  amount  of  loss  in  waste. 

8.  The  passing  of  as  much  weight  of  material  as  possible 
per  day. 

The  machine  which  has  been  most  successful  in  obtaining 
the  first-mentioned  results,  is  that  known  as  Flishmann's. 

Spinning, — There  are  three  modes  of  spinning  flax ;  viz. 
dry,  with  cold  water,  and  with  hot  water.  Dry  spun  yarns  are 
chiefly  of  the  coarsest  quality,  and  are  used  in  the  manufacture 
of  sail  cloth,  canvas,  sacking,  &c.  Cold  water  spun  yarns  are 
used  principally  for  shoe  threads,  and  for  making  twines.  The 
processes  of  dry  and  cold  water  spinning  are  identical,  except 
that  in  the  latter  the  fibres  as  they  pass  from  the  drawing 
roller  are  damped,  which  gives  the  yarn  a  smoother  and  more 
regular  appearance.  The  finest  qualities  of  yarn  are  the  hot 
water  spun.  In  this  process  the  rove,  before  it  reaches  the 
retaining  rollers  to  be  drawn  out,  is  completely  saturated  by 
passing  through  a  trough  containing  water  heated  by  steam. 
The  hot  water  macerates  the  fibres,  and  dissolves  a  portion  of 
the  gummy  matter  contained  in  the  flax,  and  so  renders  it 
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capable  of  being  spun  to  a  much  greater  degree  of  fineness. 
The  length  of  the  fibre  is,  by  this  process,  very  materially 
shortened,  the  distance  between  the  retaining  and  drawing 
rollers  being  only  from  3  to  4  inches,  whilst  for  the  dry  spun 
yarns  the  distance  is  about  18  inches  for  line,  and  8  or  9  inches 
for  tow.  The  strength  of  the  yarn  is  not,  however,  at  all  im- 
paired by  this,  and  it  is  much  smoother  and  more  even  than 
that  spun  in  the  full  length. 

Reeling,  the  next  operation,  is  the  winding  of  the  yarn  from 
the  bobbins  round  a  barrel  2£  yards  in  circumference.  120 
revolutions  of  this  barrel  make  a  lea,  or  800  yards,  which  the 
attendant  ties  up  separately, — 10  leas  constitute  a  hank,  and 
20  hanks  a  bundle.  It  is  in  bundles  that  the  yarn  is  generally 
made  up ;  and  a  small  machine  called  a  '  Bundling  Press '  is 
used  to  compress  the  yarn  into  as  small  a  space  as  possible, 
previous  to  its  being  sent  to  market. 

The  above  description  of  the  flax  process  has  been  kindly 
furnished  by  Messrs.  Fairbairn  &  Co.  of  Leeds,  to  whom  and 
the  late  Sir  Peter  Fairbairn  the  flax  trade  is  greatly  indebted 
for  the  introduction  and  working  out  of  the  screw  gill  and  other 
preparatory  machinery. 

It  will  not  be  necessary  to  enter  into  the  process  of  weaving, 
as  the  power  loom  has  made  slow  progress  in  the  manufacture 
of  linens,  which  are  chiefly  woven  on  the  hand  loom.  For  the 
coarser  descriptions  of  cloths  the  power  loom  has  been  adopted  ; 
but  not  successfully  in  fine  linen,  as  there  appears  to  be  great 
difficulty  in  dressing  and  preparing  the  warps,  and  I  believe 
at  the  present  time  most  of  the  Irish  linens  are  manufactured 
by  the  hand-loom  weavers  of  Ulster. 

In  Manchester  and  other  parts  of  the  manufacturing  dis- 
tricts, a  description  of  mixed  goods,  called  domestics,  are  manu- 
factured for  shirtings,  and  are  wove  on  the  power  loom  the  same 
as  cotton.  The  late  firm  of  Messrs.  Leys,  Mason,  &  Co.  of 
Aberdeen  were  at  one  time  large  manufacturers  of  the  coarser 
linens  by  power,  and  several  attempts  at  linen  power-loom 
weaving  have  been  made  in  other  establishments,  but  not  suc- 
cessfully, either  as  regards  fine  linens  or  cambrics.  Most  of  the 
flax  mills  in  Leeds  confine  their  operations  to  spinning,  with  the 
exception  of  Messrs.  Marshall,  who  of  late  years  have  paid  con- 
siderable attention  to  weaving  by  power,  I  believe  successfully ; 
but  the  difficulties  have  not  been  altogether  surmounted,  and 
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several  years  may  yet  elapse  before  this  important  desideratum 
in  the  manufacture  of  flax  into  cloth  is  attained.  Much  has 
already  been  done ;  but  the  results  so  far  have  not  been  attended 
with  complete  success,  and  can,  therefore,  only  be  looked  upon 
as  experimental. 

The  bleaching,  beetling,  polishing,  and  finishing  of  linen  are 
carried  on  extensively  in  the  North  of  Ireland,  and  at  Barnsley 
in  Yorkshire.  It  is  an  important  branch  of  industry  in  both 
countries ;  and,  to  effect  these  objects,  machinery  for  boiling  in 
ley,  washing,  drying,  calendering,  winding,  packing,  pressing, 
&c,  is  requisite.  In  some  descriptions  of  goods  the  beetling 
process  is  adopted  ;  and  this  consists  in  winding  the  cloth  on  to 
an  iron  cylinder  of  about  20  inches  diameter,  placed  under  a  row 
of  stampers  4  inches  square,  made  of  beech,  which  by  a  revolving 
tappet  shaft  raises  the  stampers  and  allows  them  to  fall  in  suc- 
cession upon  the  cloth,  until  it  attains  a  beautiful  polish  and 
wave-like  appearance. 

Annexed  is  a  list  of  wheels  and  speeds,  and  the  number  and 
size  of  the  pulleys,  with  the  velocity  of  the  different  machines. 
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CHAPTER  VL 

SILK  MILLS. 

Dr.  Ube,  in  his  '  Philosophy  of  Manufactures,'  states  '  that  the 
silk-worin  is  a  precious  insect,  which  was  first  rendered  service- 
able to  man  in  Chiua,  about  2,700  years  before  the  Christian 
era.    From  that  country,  the  art  of  rearing  it  passed  into  India 
and  Persia.    It  was  only  at  the  beginning  of  the  sixteenth 
century  that  two  monks  brought  some  eggs  of  the  silk-worm 
to  Constantinople,  and  promulgated  some  information  on  the 
growth  of  the  caterpillars.    This  knowledge  became,  under  the 
Emperor  Justinian,  productive  of  a  new  source  of  wealth  to  the 
European  nations.  From  Greece  it  spread  into  Sicily  and  Italy, 
but  did  not  reach  France  till  after  the  reign  of  Charles  VIII., 
when  the  white  mulberry-tree  and  a  few  silk-worms  were  intro- 
duced into  Dauphine  by  some  noblemen  on  their  return  from 
the  conquest  of  Naples.    No  considerable  result  took  place  till, 
in  1564,  Traucat,  a  common  gardener  of  Nimes,  laid  the  first 
foundation  of  a  nursery  of  white  mulberry-trees,  with  such 
success  as  to  enable  them  to  be  propagated  within  a  few  years 
over  all  the  southern  provinces  of  France.'    The  cultivation  of 
the  mulberry,  according  to  this  statement,  dates  from  an  early 
period ;  but  the  silk  manufacture,  like  most  other  branches  of 
industry,  was  first  introduced  into  this  country  by  emigrants 
from  France  and  Italy,  during  the  persecution  of  the  Protestants, 
and  shortly  before  the  Edict  of  Nantes.    At  that  time,  every- 
thing was  done  by  hand,  from  the  cocoon  to  the  web  as  it  left 
the  hands  of  the  weaver.   The  winding,  throwing,  spinning,  and 
weaving  were  all  effected  by  manual  labour,  until  the  first  silk 
mill,  driven  by  power,  was  introduced  by  Mr.  John  Lombe  into 
Derby,  about  the  year  1716.    For  a  series  of  years  this  mill  and 
others,  constructed  from  the  same  model,  did  nearly  the  whole 
of  the  spinning ;  and  the  throwsters,  as  well  as  the  hand  spinners, 
were,  in  consequence,  superseded  by  the  greater  economy, 
accuracy,  and  despatch  of  the  new  manufacture.    The  neigh- 
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bourhoods  of  Spitalfields,  Coventry,  and  Macclesfield  became 
the  chief  seats  of  the  silk  manufacture,  and  for  a  considerable 
time  they  continued  to  enjoy  the  monopoly  with  little,  if  any, 
change  or  improvement  in  the  machinery.  The  trade  seemed 
to  languish  rather  than  improve  until  after  the  peace  of  1815, 
when  it  was  introduced  on  a  greatly  increased  scale  into  Man- 
chester, where  it  underwent  the  same  changes  and  impro?e- 
ments  as  most  others  of  the  textile  fabrics.  The  machines  for 
spinning,  doubling,  and  throwing  silk  continued  for  nearly  a 
century  the  same  as  they  were  when  first  introduced  into  Derby. 
They  consisted  of  a  wooden  frame,  about  3  feet  6  inches  wide 
and  7  feet  high,  with  two  or  three  tiers  of  spindles,  each  tier 
being  driven  by  an  upright  shaft  a,  and  large  drums,  with 
tightening  pulleys,  as  shown  at  a,  a,  &c.  (fig.  307).  Leather 
straps  passed  round  the  drums,  and  pressing  upon  the  wharves 


Fig.  307. 


of  the  spindles,  carried  them  round  on  the  same  principle  as 
the  1  wiper*  or  the  spinning  of  a  wheel  caused  to  revolve  round 
its  axis  by  a  tangential  force  applied  to  its  circumference.  This 
mode  of  driving  continued  in  operation  for  a  great  number  of 
years  without  variation,  until  the  late  Mr.  Vernon  Royle  built 
a  large  silk  mill  in  Manchester,  when  the  whole  of  the  machinery 
underwent  a  total  change,  wooden  frames  and  friction  traps 
were  removed,  light  cast-iron  frames  and  cotton  bands  were  sub- 
stituted for  driving  the  spindles,  and  the  whole  machine  was 
remodelled  on  the  same  principle  as  the  throstle  for  spinning 
cotton.  These  improvements  were  introduced  by  the  late  firm 
of  Fairbairn  &  Lillie,  and  the  result  was  a  great  improvement 
in  the  motion  of  the  spindles  and  a  great  increase  of  speed,  by 
which  one-half  more  yarn  per  spindle  was  produced  than 
could  be  obtained  from  the  old  frames.  The  alterations  were 
further  improved  by  the  late  Mr.  Ritson  and  Messrs.  Wren  & 
Hopkinson,  to  whom  I  am  indebted  for  the  description  of  the 
present  improved  process  in  the  manufacture,  and  to  whom  silk 
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manufacturers  may  be  referred  as  the  best  makers  of  this 
description  of  machinery. 

The  following  section  of  the  improved  machine  is  taken  from 
Dr.  Ure's  work  on  the  '  Philosophy  of  Manufactures  ' : 

1  The  machine  for  twisting  the  single  threads  of  silk,  either 
before  the  doubling  or  after  doubling,  is  called  the  spinning 
mill;  sometimes  also  the  throwing  mill,  though  the  latter  term 
often  includes  all  the  departments  of  a  silk  mill.    The  section 

Fig.  308. 


END  VIEW  OF  FAIBBAIBN  &  LILLIK     IMPROVED  8ILK-8PINNINQ  MILL. 

of  this  apparatus  in  fig.  308  shows  four  equal  working  lines, 
namely,  two  on  each  side  of  the  frame,  one  tier  being  over  the 
other.  In  some  spinning  mills  there  are  three  tiers  ;  but  the 
uppermost  is  a  little  troublesome  to  manage,  as  it  requires  the 
attendant  to  mount  a  stool  or  steps. 

'  a  a  are  the  end  frames  or  uprights,  bound  with  cross  bars 
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n  n  ;  and  two  or  more  similar  uprights  are  placed  immediately 
between  the  ends.  They  are  all  connected  at  their  sides  by  beams 
b  and  o,  which  extend  through  the  whole  length  of  the  machine. 
D  D  are  the  spindles,  having  their  top  bearings  fixed  in  the  bar 
b,  and  the  bottom  or  step  bearings  in  the  bar  c.  These  two 
bars  together  are  called  by  the  workmen  the  spindle  box :  c  c 
are  the  wharves,  turned  by  cords  passing  from  the  horizontal 
tin  cylinder  e,  which  lie  along  the  middle  of  the  mill,  midway 
between  the  ranges  of  spindles,  p  p  are  the  bobbins  with  the 
double  silk,  which  are  fixed  on  the  tapering  spindles  by  press- 
ing them  down ;  d  d  are  little  flyers,  or  forked  arms  of  wire, 
attached  to  a  disc  of  wood  or  washer,  which  revolves  loosely 
upon  the  top  of  the  said  bobbins  F  p  and  round  the  spindles, 
one  of  their  arms  being  sometimes  bent  upwards  to  serve  as  a 
guide  to  the  thread  ;  e  e  are  pieces  of  wood  pressed  on  the  top 
of  the  spindles,  to  prevent  the  flyers  from  being  thrown  off ; 
h  h  are  the  ends  of  the  winding  bobbin  shaft,  laid  in  slots  near 
h,  as  in  the  former  machines.  The  winding  bobbins  are  driven 
by  toothed  wheels  cast  on  one  end  of  their  square  iron  axes,  in 
the  line  of  which  wheels  are  turned  by  toothed  wheels  on  a  bar 
in  the  line  of  the  bevel  wheel  7.    On  these  bobbins  (fig.  309), 


Fig.  309. 


BOBBINS  OF  SPIRALLY  WOUND  SILK. 


which  are  of  considerable  diameter,  the  silk  is  wound,  and  distri- 
buted diagonally  by  a  peculiar  differential  mechanism.  K  k  are 
the  guide  bars,  with  the  guides  i,  through  which  the  silk  passes, 
being  pulled  by  the  winding  bobbins  on  their  horizontal  in  the 
line  of  h,  and  delivered  by  the  flyers  d  d,  from  their  vertical 
twisting  bobbins  and  spindles  f.  By  the  revolution  of  the  tin 
cylinder  e,  driven  by  a  steam  pulley  fixed  on  its  end,  motion  i9 
communicated  immediately  through  the  cords  to  the  wharves  c, 
and  their  spindles ;  and  mediately  through  the  plate  wheels 
2  and  3,  and  the  bevel  wheels  4,  5,  6,  7,  to  the  rest  of  the 
machine.  The  toothed  wheel  at  e  is  called  the  change  pinion, 
because,  by  changing  it  for  another  of  a  smaller  or  a  larger  size, 
the  speed  of  the  plate  wheels  2  and  3  may  be  changed.  The 
axis  of  the  plate  wheel  2  lies  in  a  curvilinear  slot,  in  which  it 
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can  be  shifted  to  suit  the  size  of  the  change  wheel  put  in  at  e, 
and  to  keep  it  in  proper  gearing,  after  which  it  is  fixed  by  a 
screw  nut.' 

We  have  selected  for  illustration  a  silk  mill  erected  some 
years  since  in  the  South  of  England,  driven  by  a  water  wheel 
22  feet  diameter  and  10  feet  wide  inside  the  bucket.  The  in- 
ternal segments  are  20  feet  6  inches  diameter,  2 J  inches  pitch, 
and  8  inches  wide  on  the  cog.  The  segments  communicate 
motion  to  a  spur  wheel  4  feet  diameter  ;  and  by  the  shaft  a  (fig. 
310),  on  which  a  second  spur  wheel  is  keyed,  the  motion  is  con- 
veyed to  the  line  of  horizontal  shafting  on  the  ground  floor,  and 
also  to  a  line  of  vertical  shafts  which  communicates  with  the 
rooms  above.  The  bottom  room  p  (figs.  310  and  311)  is  filled 
with  spinning  frames,  and  driven  by  the  small  cross  shafts  b,  b,  b, 
&c. ;  the  second  floor  c  (fig.  311)  is  occupied  by  doubling  ma- 
chines and  throwsters  ;  and  the  upper  floor  h  contains  the  lighter 
description  of  machinery,  and  is  chiefly  employed  in  preparing 
the  hanks  for  the  throwing  and  spinning  and  winding  the  yarn 
as  it  comes  from  the  machines  below. 

The  building  consists  of  three  stories  and  an  attic,  at  one  end 
of  which  is  the  water  wheel  and  staircase,  and  the  adjoining 
buildings  contain  the  boiler  for  heating,  gas  works,  &c.  &c. 
For  some  years  this  mill  was  worked  exclusively  by  water ;  but 
subsequently  it  was  found  necessary  to  have  steam  as  an  auxi- 
liary, and  hence  followed  a  considerable  extension  of  the  mills, 
and  a  corresponding  increase  of  machines. 
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Fig.  310. 


The  following  references  and  calculations  exhibit  the  speed 
of  the  water  wheel  and  the  shafting,  spinning  frames,  &c,  in 
the  mill : 
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Speeds  of  Shafts,  Wheels,  &c. 


Water  wheel,  22  feet  diameter ;  velocity  of  periphery,  4  feet  2£  inches  per  second 

=  3-7  revolutions  per  minute. 


Driver. 

Driven 

Description  of  gearing 

Diameter 

Revo- 
lutions. 

Diameter 

revolutions  per  minute 

Spur  segments 

A 

20  6 

3-7 

4  0 

18-96  revolutions  of  cross 
shaft 

551 7  revolutions  of  hori- 
zontal shaft 

62-75  revolutions  of  up- 
right shaft 

96-53  revolutions  of  cross 
shafts 

361-98  revolutions  of  frames 

Spur  wheels  n 
Bevel  wheels  c 
Bevel  wheels  DDD.&c. 
Pulleys  on  shaft  do. 

9  0 
3  9 

1  10£ 

2  6 

18-96 
551 7 
55-80 
96-53 

3  1 
2  6 
1  1 
0  8 

The  speeds  of  the  throwsters,  &c,  in  the  second  room  are 
the  same  as  the  spinning  on  the  ground  floor,  and  the  winding 
machines  are  driven  slowly  to  suit  the  quality  of  the  silk  as  it  is 
lrawn  from  the  hanks. 

Fig.  311. 


The  Raw  Silk  Spinning  Machinery  is  used  for  the  winding 
md  twisting  of  silk  as  imported  into  this  country  in  hanks  :  the 
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thread  being  already  formed  in  the  cocoon,  no  drawing  process, 
as  in  cotton,  is  needed,  and  the  skill  of  the  manufacturer  is  ex- 
ercised in  freeing  the  imported  hanks  from  knots,  lumps,  and 
entanglement,  '  sizing '  or  matching  the  strands  of  silk  and 
spinning  them  together,  so  that  the  twist  shall  be  regular  and 
perfect,  and  for  this  purpose  the  machines  in  general  use  are 
usually  named  winding,  cleaning,  spinning,  throwing,  dyed-silk 
pirn  winding,  &c. 

The  hanks  being  of  different  lengths,  two  sizes  of  winding 
machines  are  used — one  suitable  for  hanks  imported  from  China 
and  Persia,  and  about  120  inches  long ;  and  the  other  for  Indian 
and  Italian,  about  72  inches  long ;  but,  the  principle  of  action 
being  alike  in  both,  one  description  will  suffice.  The  hank  is 
extended  on  a  swift,  which  is  constructed  of  wood,  being  a  small 
centre  with  metal  pivots,  with  slender  arms  of  lancewood  radia- 
ting in  pairs  from  this  centre ;  each  pair  of  arms  has  a  string 
tied  round  them,  so  that  the  hank  is  distended  into  a  hoop,  or 
rather  hexagon,  which  readily  revolves  and  unwinds  ;  the  bobbin 
which  takes  up  the  silk  from  the  swift  lies  horizontally,  and 
is  rotated  by  friction  rollers,  so  that  when  through  entangle- 
ment or  otherwise  the  swift  ceases  to  revolve  and  give  off  the 
thread  of  silk,  these  rollers  slip,  and  the  bobbin  stops  without 
breaking  the  thread,  when  the  attendant  can  adjust  the  work 
and  remove  the  impediment  to  motion.  Sometimes  this  winding 
is  done  upon  a  machine  which  also  cleans  the  silk ;  but  usually 
there  is  a  separate  machine  for  this  purpose,  where  the  bobbin 
from  the  winding  frame  is  placed  on  a  shelf  near  the  floor,  and 
from  it  the  thread  is  unwound  and  rewound  upon  a  bobbin  on 
a  spindle  on  the  top  of  the  frame ;  this  spindle  is  in  the  samf 
position  and  rotated  by  friction  rollers  precisely  as  in  the  wind- 
ing frame,  but  the  silk  in  its  way  from  one  bobbin  to  the  other 
is  passed  through  a  cleaner,  which  is  two  knives  of  steel,  of 
which  the  edges  are  set  parallel  to  each  other,  and  a  minute 
distance  apart ;  according  to  the  fineness  of  the  silk  so  is  this  dis- 
tance made  more  or  less  by  means  of  adjusting  screws,  and  the 
object  of  this  is  to  remove  from  the  surface  of  the  silk  thread  all 
knots  or  other  excrescences  which  may  interfere  with  the  regu- 
larity of  twisting,  and  of  the  woven  woofs.  Sometimes  this 
cleaning  is  produced  by  passing  the  silk  thread  between  two  steel 
rollers  about  f  of  an  inch  diameter,  also  adjustable  by  screws,  with 
the  same  object  of  arresting  knots  and  lumps,  until  the  attendant 
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removes  them  from  the  thread.    After  the  silk  has  undergone 
the  process  of  cleaning,  it  is  ready  for  the  spinning  machine, 
which  twists  the  single  thread  so  as  to  give  it  strength  and  in- 
creased elasticity  for  the  manufacture  of  sewing  silks  and  the 
warps  of  woven  fabrics ;  and  this  is  a  machine  similar  to  that 
described  at  page  490,  consisting  of  two  or  three  tiers  of  upright 
spindles  rotated  by  a  tin  roller  turning  them  by  cotton  banding, 
or  in  some  machines  by  an  endless  leather  belt  revolving  hori- 
zontally round  the  machine,  and  rubbing  against  each  spindle 
in  its  circuit.    On  these  upright  spindles  the  bobbins  of  silk 
from  the  cleaning  machine  are  placed,  so  as,  whilst  each  spindle 
is  rapidly  rotated,  the  thread  is  being  drawn  off,  and  again 
wound  upon  another  spindle  placed  horizontally,  and  turned  by 
small  toothed  gear,  or  by  friction  rollers.    These  machines  have 
the  usual  arrangements  of  change  pinions  to  suit  the  required 
twist  per  inch  in  the  thread  ;  and  it  is  of  the  highest  importance 
that  the  delivery  and  taking  up  of  the  thread  shall  be  uniform, 
otherwise  the  defective  and  irregular  twist  will  seriously  dete- 
riorate the  beauty  and  value  of  the  manufactured  fabrics.  This 
machine  fulfils  in  the  economy  of  the  silk  manufacture  the 
function  of  the  throstle  or  the  mule  in  the  cotton  trade ;  and 
sometimes  the  spinning,  together  with  the  processes  of  doubling 
and  throwing,  is  done  at  one  operation,  as  in  Shute's  patent, 
where  the  larger  spindle  carries  round  with  it  two  or  more 
smaller  bobbins  upon  spindles,  which  being  revolved  in  a  con- 
trary direction,  by  rubbing  against  a  stationary  band,,  spin, 
double,  and  throw  upon  one  machine.    Other  varieties  of  ma- 
chines have  been  adopted  for  the  same  end ;  but  on  account  of 
the  diminished  speed  of  the  spindles,  increased  loss  in  waste, 
and  greater  cost  in  wages,  the  plan  most  commonly  adopted  is 
to  double  and  to  *  throw '  on  distinct  and  separate  machines. 
The  doubling  machine  is  similar  in  form  to  the  cleaning  ma- 
chine.   The  bobbins  from  the  spinning  machine  are  placed  upon 
a  shelf  near  the  floor,  and  the  ends  of  silk  from  two  or  more 
bobbins,  according  to  the  sort  of  work  done,  are  wound  together 
in  one  cord  or  strand  on  a  bobbin  rotating  horizontally,  and 
moved  by  friction  rollers,  as  in  the  winding  and  cleaning  frames  ; 
but  it  is  essential  that  this  cord  or  strand  shall  in  every  part  of 
its  length  be  composed  of  the  same  numbers  of  the  ends  of  silk 
laid  evenly,  and  with  the  same  amount  of  tension,  together. 
Before  the  silk  arrives  at  the  bobbin  on  which  it  is  to  be  wound 
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each  fibre  or  end  passes  through  the  eye  at  the  end  of  a  light 
wire  lever,  which,  whilst  all  is  going  on  properly,  is  upheld  by  it ; 
but  should  one  of  the  fibres  of  silk  break,  then  its  wire  lever  drops 
upon  a  second  lever,  and,  overbalancing  it,  causes  its  further  end 
to  rise  up,  and  arrest,  by  means  of  a  ratchet  wheel,  the  motion 
of  the  winding-on  bobbin  :  thus,  without  the  stoppage  of  the 
machine  in  general,  that  particular  bobbin  waits  motionless  for 
the  attention  of  the  operative,  when  the  broken  end  of  the  fibre 
is  re-pieced,  and;  the  levers  being  restored  to  position,  the  silk 
proceeds  as  before.    After  the  silk  has  thus  been  doubled,  or 
several  threads  lain  evenly  together,  it  is  taken  to  the  throwing 
machine  to  be  again  twisted,  for  the  doubling  machine  does  not, 
as  in  the  cotton  manufacture,  double  and  twist  at  one  time  ;  and 
this  twisting,  as  in  cotton,-  is  effected  by  the  spindle  revolving 
in  a  contrary  direction  to  that  of  the  spinning  machine.  This 
process  is  almost  a  repetition  of  the  spinning,  except  that,  in 
place  of  winding  on  to  bobbins,  this  is  done  upon  reels  of  43  to 
44  inches  circumference ;  indeed,  many  silk  throwsters  throw 
their  silk  upon  the  spinning  machine  by  placing  the  spindle 
bands  so  as  to  rotate  the  spindles  in  the  contrary  direction,  and 
then  reel  off  the  silk  into  hanks  ready  for  the  dyer.    The  silk 
when  dyed  is  re-wound  from  the  hank  upon  bobbins  of  tin  or 
wood,  by  machines  named  soft  or  dyed-silk  winding  frames, 
similar  in  principle  and  action  to  the  winding  machines  for  raw 
silk,  and  the  bobbins  are  now  delivered  to  the  weaver  for  warp- 
ing and  winding  upon  pirns  for  weft.    The  warping  machines 
are  of  the  usual  form,  with  a  large  wooden  fly  as  in  cotton  warp- 
ing, and  the  weft  is  wound  on  pirns  by  girls,  with  the  simple 
hand  wheel  (forming  one  at  a  time),  or  in  the  most  modem 
mills  by  the  pirn  winding  machine,  which  contains  40  to  100 
sp:ndle8,  under  the  care  of  one  attendant :  the  pirn  is  formed 
upon  bobbins  specially  shaped  for  the  purpose,  sometimes  by 
running  in  a  metal  internal  cone,  which  as  the  pirn  fills  gra- 
dually forces  it  upwards,  until  its  spindle  is  out  of  gear  from  the 
driving  power,  and  then  it  remains  motionless  until  the  atten- 
dant readjusts  the  position  of  the  spindle  and  places  on  it  an 
empty  bobbin.    The  same  effect  is  produced  by  three  small 
conical  formed  rollers  pressing  on  the  outside  of  the  bobbin  ;  but 
both  these  varieties  of  machine  have  been  found  to  be  injurious 
to  the  delicate  shades  of  colour  in  the  dyed  silk,  as  by  the  com- 
pression and  friction  the  thread  is  flattened  aud  glazed,  and  thus 
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rendered  unequal  in  appearance  when  in  the  piece  goods ;  and 
to  obviate  this  serious  defect  the  plan  used  by  the  best  manu- 
facturers is  to  wind  the  pirn  without  external  pressure  upon  the 
bobbin,  which  is  placed  on  a  spindle,  which  by  toothed  gear 
gradually  sinks  down  in  the  machine,  until  its  driving  band 
arrives  at  a  loose  pulley,  which  then  allows  the  spindle  to  rest 
until  the  full  pirn  is  removed ;  or  by  another  mode,  the  traverse 
or  winding-on  rail  rises  gradually,  and  effects  the  same  object. 
In  this  description  of  the  silk  manufacture,  I  have  not  gone 
minutely  into  a  description  of  the  mechanical  arrangements 
necessary  to  produce  these  beautiful  and  costly  fabrics ;  in  point 
of  fact,  the  machines  are  not  intricate  in  construction,  but  they 
require  careful  workmanship.  The  traverse  rods  for  forming  the 
bobbins  are  moved  by  the  well-known  appliances  called  the  sun 
and  planet  crank  motion,  the  simple  crank,  the  heart,  the  oval 
wheels,  the  mangle  wheel  motion,  &c. ;  and  whilst  one  manu- 
facturer for  the  peculiarities  of  his  business  may  adopt  one  or 
more  of  these,  another  may  prefer  the  application  of  others  to 
his  machines.  Many  manufacturers  in  this  advanced  age  of 
sewing  silks,  in  Leek  and  elsewhere,  spin  and  throw  with  the 
simple  hand  wTheel,  where  a  boy  (as  in  twine  or  rope  making) 
carries  the  ends  of  silk  and  makes  them  fast  at  the  other  end 
of  a  room,  and  the  man  called  the  twister  rapidly  whirls  the 
hooks  on  which  the  silk  is  tied,  gradually  moving  up  the  wheel 
as  the  twisting  proceeds  to  accommodate  the  shortening  of  the 
thread ;  then,  after  his  judgment  tells  him  that  the  thread  is 
sufficiently  twisted,  he  fastens  two  or  more  ends  of  the  twisted 
silk  upon  one  hook,  reverses  the  direction  of  revolution  in  his 
lmnd  wheel,  and  throws  all  into  one  strand. 

Lately,  there  have  been  introduced  to  the  silk  trade  several 
novel  machines  which,  though  they  have  not  hitherto  obtained 
extensive  use  in  this  country,  may  prove  useful  aids  to  silk 
industry.  One  is  a  mode  of  winding  the  silk  from  the  cocoon, 
and  spinning  it  on  the  same  machine.  This  has  been  done  by 
Mr.  Chadwick  and  others  of  Manchester,  and  beautiful  work 
produced ;  but  the  difficulties  in  a  new  machine  of  turning  off 
a  paying  quantity  of  work,  joined  to  the  want  of  commercial 
facilities  for  obtaining  from  abroad  an  adequate  supply  of 
cocoons,  has  hitherto  impeded  the  success  of  the  experiment. 
Another  is  a  mode  of  *  sizing '  or  measuring  the  thickness  of 
the  silk  thread,  by  passing  it  between  two  or  more  rollers  nicely 
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adjusted,  and  so  arranged  that,  when  a  part  of  different  thick- 
ness occurs,  the  rollers  move  a  system  of  levers  which  either 
stop  the  winding-on  bobbin,  or  else  transfer  the  thread  to 
another  bobbin.  This  operation  is  also  accomplished  by  taking 
paper  spools  exactly  alike  in  weight,  and  winding  upon  each  of 
them  a  definite  number  of  yards  of  silk,  then  with  a  delicate 
balance  assorting  them,  placing  those  of  like  weight  in  distinct 
lots,  and  thus  obtaining  a  number  of  spools  with  equal  lengths 
and  weights  of  silk  to  be  put  together  on  the  doubling  machine; 
for  this  matching  is  essential  to  the  regularity  of  the  twist  in 
the  silk  spinning,  as  when  threads  of  unequal  diameters  are 
*  thrown '  together  it  is  very  difficult  to  prevent  its  being  un- 
evenly done,  and  harder  twisted  in  one  place  than  another,  or 
'  corkscrewed,'  as  it  is  technically  called.  At  present,  it  is  the 
office  of  a  manager  or  operative  of  approved  skill  to  size  or 
match  by  the  eye  or  touch  the  various  bobbins  of  raw  silk, 
before  placing  them  on  the  spinning  or  doubling  machines.  To 
meet  this  purpose  there  has  also  been  invented  in  France  a 
doubling  system,  which,  in  place  of  taking  several  distinct 
strands  or  threads  of  silk,  and  winding  them  together,  as  in  the 
doubling  machine  first  described,  only  deals  with  one  thread  of 
silk,  which  in  an  ingenious  manner  is  doubled  or  rather  tripled 
upon  itself  into  three  strands,  by  means  of  a  traversing  carriage 
like  that  of  a  cotton  mule,  putting  at  the  end  of  each  traverse  a 
loop  in  the  silk,  doubling,  and  thus,  so  to  speak,  matching  the 
silk  with  itself,  with  the  same  view  of  attaining  an  improvement 
in  the  manufacture  of  the  thread  when  twisted  together.  In 
the  silk  dye  house,  a  very  useful  machine  from  America  has 
recently  been  introduced.  To  the  present  time,  the  silk,  after 
being  dyed,  has  been  *  stringed '  or  glossed  by  means  of  the 
severe  hand  labour  of  men  twisting  it  in  the  hank  with  sticks 
to  and  fro,  so  as  to  rub  the  strands  together,  and  produce  the 
beautiful  lustre  so  characteristic  of  the  material.  This  required 
strong  and  skilful  men,  and  with  every  exertion  a  workman 
could  not  finish  much  per  day ;  but  the  machine  in  question 
entirely  dispenses  with  the  great  physical  exertions  of  the  work- 
man, and  enables  him  to  produce  a  larger  amount  of  polished 
silk.  This  operation  is  performed  in  a  box  of  cast  iron  with  a 
steam-tight  door,  in  which  the  silk  can  be  placed  on  two  rollers, 
the  upper  one  adjustable  to  suit  the  varying  lengths  of  the 
hanks,  and  the  lower  roller  is  fixed  upon  the  head  of  a  piston 
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rod  attached  to  a  piston  moving  downwards  in  a  steam  cylinder. 
When  the  silk  is  placed  upon  the  rollers,  the  door  is  shut,  and 
the  high-pressure  steam  introduced,  thoroughly  saturating  the 
silk  ;  then  by  another  valve  the  steam  enters  the  steam  cylinder, 
and  the  silk,  whilst  immersed  in  steam,  is  strongly  stretched 
by  the  pressure  applied  to  the  piston.  During  the  process,  the 
silk  hank  is  slowly  revolved  upon  the  rollers  by  gearing  com- 
municating with  the  outside  of  the  box,  so  that  the  shades  of 
colour  shall  not  be  varied  at  those  parts  of  the  hank  which  bend 
round  the  rollers,  and  a  few  seconds  suffice  for  the  completion 
of  several  hanks. 

This  class  of  machinery  is,  with  slight  modifications,  adapted 
for  the  manufacture  of  sewing  silks,  warp  and  weft  for  piece 
goods,  and  for  crape ;  but  for  inferior  fabrics  in  silk  the  waste 
or  spun  silk  is  used,  and  this  manufacture  is  very  similar  to 
that  of  flax  or  fine  cotton.  The  waste  silk  from  the  cocoon- 
winding  factories  or  the  raw  silk  manufactories  is  combed  or 
heckled,  then  cut  into  lengths  of  from  1  £  to  5  or  6*  inches,  then 
placed  in  the  opening  machines,  afterwards  sewn  up  in  small 
bags,  and  boiled,  to  cleanse  it  from  gum  and  other  impurities, 
and,  after  drying,  is  batted  or  opened  with  sticks  like  fine 
cotton;  from  this  it  is  passed  through  breaker  and  finisher 
carding  engines,  drawing  and  roving  frames,  and  mules  con- 
structed with  rollers  of  spaces  and  adjustments  adequate  for 
fibres  of  this  length,  when  it  is  reeled  and  dyed  as  the  raw  silk 
before  described. 

The  introduction  and  description  of  the  different  preparatory 
processes  in  the  manufacture  of  the  textile  fabrics — although 
not  bearing  directly  on  the  subject  of  mill-work,  for  which  this 
book  was  originally  written— are  nevertheless  analogous,  and 
worked  so  closely  into  each  other  that  a  treatise  on  mills  and 
mill- work  would  not  have  been  considered  complete  unless  the 
processes  of  manufacture  for  which  the  mills  were  designed 
were  introduced.  This  mu6t,  therefore,  be  my  apology  for  the 
introduction  of  matter  which  appears  to  belong  more  to  the 
machinery  of  manufactures  than  to  the  wheels,  shafting,  and 
pulleys  by  which  it  is  driven. 

On  the  question  of  what  is  the  province  of  the  millwright, 
and  what  exclusively  belongs  to  the  machinist,  we  are  yet, 
notwithstanding  the  great  advances  made  in  the  division  of 
labour,  unable  to  state  where  the  millwright  ends  and  the 
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engineer  and  machinist  begin.  There  is  no  correct  nor  definite 
line  of  demarcation  between  the  one  and  the  other ;  and  it  is  a 
curious  fact  that  the  industrial  mechanical  progress  of  the  last 
half-century  has  not  marked  any  reliable  principle  of  organisa- 
tion by  which  one  mechanical  operation  is  distinguished  from 
another.  They  seem  to  run  into  each  other  without  any  definite 
outline  of  distinction,  and  the  millwright  of  the  present  day 
appears  to  maintain  as  in  past  times  his  original  character  of  a 
*  Jack  of  all  trades,'  and  there  are  none  of  the  varied  forms  of 
mechanical  manipulation  pursued  in  this  country  in  which  the 
millwright  is  not  employed.  This  is  the  state  in  which  he  ap- 
pears to  germinate,  alternately  changing  from  the  mill  to  the 
machine,  and  from  the  machine  to  the  equally  important  duties 
of  the  civil  engineer.  We  have  many  instances  of  these  trans- 
migrations in  the  history  of  Brindley,  Smeaton,  and  Rennie ; 
and  I  believe  there  is  no  lack  of  them  at  the  present  day,  as 
many  examples  may  be  adduced  of  men  who  have  risen  to  dis- 
tinction from  the  humble  origin  of  a  working  millwright. 

To  show  the  intimacy  which  exists,  and  the  claims  which 
the  millwright  has  upon  almost  every  mechanical  profession,  I 
may  instance  that  of  corn  mills,  in  which  not  only  the  moving 
power,  whether  wind  or  water,  but  all  the  machinery,  is  exclu- 
sively devoted  to  the  skill  of  the  millwright ;  and  it  is  for  this 
reason  that  I  have  endeavoured  to  describe  more  minutely  the 
various  machines  and  movements  in  that  department  of  manu- 
facture than  in  those  of  the  textile  fabrics.  In  the  latter,  the 
trades  are  divided  and  subdivided  into  machine  makers,  smiths, 
fitters,  turners,  &c,  but  the  millwright  stands  alone  as  an 
operator  in  all  these  trades ;  and  although  the  name  may  be 
lost  in  the  changes  which  have  taken  place  in  the  organisation 
of  the  different  callings,  there  is,  nevertheless,  a  sprinkling  of 
the  old  trade  requisite  to  give  character  and  consistency  to  the 
industrial  progress  of  the  country.  Having  thus  described  the 
mills  for  corn,  cotton,  and  other  textile  manufactures,  I  have 
now  to  advert  to  paper  mills,  oil  mills,  powder  mills,  &c.,  in 
which  the  millwright  undertakes  the  construction  of  the  whole 
or  the  more  prominent  parts  of  the  machines  of  which  these 
establishments  consist. 
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CHAPTER  VII. 

OIL  MILLS. 

The  means  adopted  for  extracting  oils  from  seeds  and  nuts  in 
the  early  stages  of  civilisation  were  of  a  very  primitive  kind, 
consisting  simply  of  a  few  poles  driven  into  the  ground  sup- 
porting two  horizontal  cross  bars,  between  which  a  bag  con- 
taining the  seed  was  placed.  A  lever  was  then  brought  to  bear 
against  one  or  both  of  the  horizontal  levers,  causing  severe 
pressure  upon  the  seed  from  which  the  oil  was  expressed.  This 
rude  apparatus,  long  in  use  in  India  and  Ceylon,  was  necessarily 
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slow  and  inefficient,  but  an  improvement  was  introduced  by 
Mr.  Herbert,  whose  object  was  to  construct  what  he  considered 
a  powerful  and  effective  machine.  It  consisted  of  an  upright 
post  a,  firmly  fixed  in  the  ground,  the  stump  of  a  tree  being 
frequently  used,  upon  the  upper  and  lower  ends  of  which  were 
fixed  levers  b  and  c,  the  upper  one  forming  the  fulcrum  of  the 
horizontal  lever  b,  and  the  lower  one  the  joint  of  the  vertical 
lever  o.  At  the  top  of  this  was  fixed  a  roller  to  diminish  the 
friction  of  the  lever  b.  The  pressure  was  obtained  by  the  weight 
of  a  man  applied  to  the  end  of  the  lever  b,  and  that,  acting  on 
the  vertical  lever  c,  brought  it  in  contact  with  the  bag  containing 
the  seed  which  expressed  the  oil — on  the  principle  of  a  pair  of 
nut-crackers — into  the  vessel  d  below.  Machines  of  this  de- 
scription with  double  levers  came  into  use,  but  all  of  them  were 
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very  imperfect,  and  until  the  Dutch  stamper  press  was  intro- 
duced from  Holland,  there  was  no  machine  in  this  country 
entitled  to  consideration  as  an  oil  mill.  The  screw  and  the 
hydraulic  press  are  recent  inventions  of  this  country ;  but,  before 
considering  their  comparative  merits,  it  will  be  necessary  to  refer, 
generally,  to  the  course  of  operations  to  be  performed  previous 
to  the  compression  of  the  seed,  which  is  the  last  of  five  operations 
to  which  it  is  subjected,  and  to  which  we  will  refer  in  order  after 
having  described  the  general  arrangement  of  the  mill. 

The  foregoing  is  a  plan  and  elevation  of  an  oil  mill  complete 
with  crushing  rollers,  edge  stones,  steam  kettles,  and  hydraulic 
pumps,  as  constructed  by  Messrs.  Martin  Samuelson  &  Co.,  Hull. 
The  compact  form  of  this  construction  is  evident  from  having 
the  motive  power  and  the  machinery  of  the  different  processes 
constructed  within  a  comparatively  small  space.  It  moreover 
renders  the  operations  of  crushing,  grinding,  heating,  and  ex- 
traction continuous,  and  on  this  principle  a  completely  finished 
oil  mill  may  be  erected  in  a  single  room  or  shed  with  no  other 
requirements  than  the  necessary  room  to  facilitate  the  operations 
of  the  mill. 

Fig.  313  is  an  elevation  and  fig.  314  is  a  plan  of  this 
description  of  mill,  which  may  be  explained  as  follows:  a  is 
the  steam  engine  giving  motion  to  the  horizontal  shaft  b  which 
drives  the  crushing  rollers  c  and  the  edge  stones  d.  By  a  train 
of  spur  gearing  e,  the  stirrers  or  agitators  in  the  steam  pan  p 
receive  motion,  and  the  main  shaft  continued  forward  works  the 
hydraulic  pumps  and  presses  G  H. 

The  first  operation,  then,  consists  in  passing  the  seed  through 
a  flat  screen  or  shaker,  which  is  kept  in  a  constant  state  of 
agitation  to  clear  it  of  all  foreign  matter  and  to  prepare  it  for 
the  second,  which  is  to  pass  the  seed  through  a  pair  of  crushing 
rollers.  In  this  operation  the  two  rollers  are  of  unequal  diameters, 
the  larger  one  being  4  feet  diameter,  and  the  smaller  1  foot 
diameter,  the  breadth  of  both  being  16  inches,  or  14J  inches  on 
the  face.  The  larger  roller  makes  56  revolutions  per  minute, 
driving  the  smaller  one  by  friction.  The  seed  is  supplied 
through  a  hopper  by  means  of  a  small  roller  very  slightly 
grooved,  which  is  made  to  revolve  for  the  purpose  of  feeding 
the  main  rollers,  being  driven  by  a  strap  from  the  larger  roller 
passing  over  a  pulley  outside  the  hopper.  The  amount  of  feed 
is  regulated  by  a  movable  plate  adjusted  by  a  screw.  Under- 
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neath  the  rollers  are  placed  scrapers  kept  in  contact  with  thein 
by  weights,  for  the  purpose  of  removing  any  seed  adhering  to 
the  surfaces  during  the  process  of  crushing.  These  rollers  for  a 
long  time  were  made  of  equal  diameters;  but  it  was  found  that 
they  crushed  the  seed  neither  so  well  nor  so  expeditiously  as 
they  do  in  their  present  proportions.  After  the  equal  sized 
rollers  were  found  to  be  inefficient,  that  known  as  the  Ipswich 
mill  was  adopted,  in  which  the  larger  roller  was  6  feet  diameter, 
and  the  smaller  1  foot  diameter ;  but  experience  proved  that, 
when  any  hard  substance  got  between  the  rollers,  the  leverage 
over  the  journals  was  so  great  that  it  caused  much  wear  and 
tear  upon  those  parts.  Seed  crushers  have,  therefore,  by  degrees 
adopted  the  medium  sized  rollers,  which  are  found  to  be  exceed- 
ingly effective  and  not  liable  to  derangement.  A  pair  of  rollers, 
such  as  described,  will  crush  upon  an  average  about  4  J  tons  of 
seed  in  11  hours,  wThich  is  sufficient  for  two  sets  of  hydraulic 
presses. 

The  third  operation  consists  in  grinding  the  seed  under  a 
pair  of  edge  stones,  weighing  together  about  7  tons,  and  making 
about  17  revolutions  per  minute.  The  stones,  if  of  good  quality, 
and  the  seed  pure,  require  to  be  faced  every  three  years,  and 
•will  last  for  a  great  length  of  time.  One  pair  of  edge  stones 
will  grind  sufficient  seed  for  two  double  hydraulic  presses  ;  the 
time  of  grinding  being  about  25  minutes,  when  it  is  ready  for 
transfer  to  the  fourth  operation,  which  is  to  heat  the  seed  in  a 
double  steam  kettle  of  the  annexed  form  (tig.  315),  which  repre- 
sents a  vertical  section.  The  kettle  consists  of  two  cylindrical 
chambers  a  and  b,  one  above  the  other,  each  of  which  is  com- 
posed of  an  external  casing  c,  which  surrounds  the  internal  or 
inside  kettle  d,  with  a  sufficient  space  left  between  the  two 
round  the  sides  and  bottom  to  allow  a  free  circulation  of  the 
steam.  The  steam  is  admitted  by  the  pipe  e,  and  the  condensed 
water  passes  off  at  f  from  the  bottom  of  the  kettle.  The  shaft 
o  gives  motion  to  two  arms  or  stirrers  H  h,  in  each  chamber, 
revolving  at  the  rate  of  36  revolutions  per  minute,  which  keep 
the  seed  constantly  agitated,  so  that  every  particle  of  it  may 
come  in  contact  with  the  heated  sides  and  bottom  of  the  kettle. 
The  upper  chamber  A  is  covered  with  a  sheet-iron  lid  I,  through 
which  the  kettle  is  charged.  In  heating  the  seed,  the  upper 
chamber  a  is  filled  first,  and  the  seed  is  allowed  to  remain  in  it 
from  10  to  15  minutes  ;  the  slide  j  is  then  withdrawn,  and  the 
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seed  falls  through  the  opening  k  into  the  lower  chamber  b, 
where  it  remains  until  it  is  required  to  be  taken  to  the  press ; 
the  door  L  is  then  opened,  and  the  whole  of  the  seed  is  dis- 
charged from  the  chamber  b  by  the  action  of  the  revolving 
stirrers  h.  The  seed  falls  through  a  funnel  M,  under  which  is 
placed  a  bag  of  suitable  dimensions  to  contain  a  sufficient 
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quantity  of  seed  to  make  a  cake  weighing  8  lbs.  after  the  oil  is 
expressed  from  it.  Each  of  the  chambers  in  the  heating  kettle 
will  contain  sufficient  seed  for  charging  one  single  press ;  the 
heating  of  the  seed  is  therefore  a  continuous  operation  of  first 
charging  the  upper  chamber  a,  and  then  allowing  the  seed  to 
pass  into  the  lower  one  b,  in  which  it  is  heated  to  1 70°  Fahr., 
and  is  then  withdrawn  and  placed  in  the  bags. 

The  bags  after  being  filled  are  placed  separately  between 
what  are  called  the  hairs,  which  are  bags  made  of  horsehair 
with  an  external  covering  of  leather.  The  same  description  of 
bags  and  hairs  are  used,  whether  the  oil  be  expressed  by  means 
of  the  stamper,  screw,  or  hydraulic  press. 

The  last  operation  is  that  of  expressing  the  oil  by  pressure 
through  the  interstices  of  the  bags,  and  this  is  done  either  by 
a  square-threaded  screw  press,  or  by  stampers,  which  are  of 
Dutch  origin.  The  stamper  press  consists  of  a  long  rectangular 
box  open  at  the  top ;  at  each  end  there  are  two  plates,  between 
which  one  bag  of  seed  is  placed,  yielding  a  cake  of  9  lbs. ;  next 
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to  one  of  the  inner  plates  is  a  filling-up  piece,  then  an  inverted 
wedge,  then  another  filling-up  piece,  after  which  is  introduced 
a  vertical  driving  wedge,  and,  lastly,  another  filling-up  piece  is 
inserted  between  the  driving  wedge  and  the  other  inner  plate. 
As  soon  as  the  bags  have  been  placed  vertically  in  the  press 
box,  a  stamper  made  of  hard  wood,  about  16  feet  long  and  8 
inches  square,  with  a  descent  of  about  22  inches  in  the  final 
stroke,  is  allowed  to  fall  at  the  rate  of  15  strokes  per  minute 
for  a  period  of  about  6  minutes  upon  the  head  of  the  driving 
wedge,  which  is  sufficient  to  drive  it  down  level  with  the  top  of 
the  press  box,  the  stamper  being  worked  by  two  cams,  or 
wipers,  on  a  revolving  shaft.  Side  by  side  with  the  first  stamper 
is  a  second  one,  immediately  above  the  inverted  wedge,  which 
is  held  suspended  at  a  fixed  point  by  means  of  a  lever,  while 
the  first  stamper  is  in  action ;  but  as  soon  as  it  is  time  to  remove 
the  bags,  the  first  stamper  is  raised  by  means  of  a  lever  above 
the  point  at  which  the  cams  come  in  contact  with  it,  and  by  the 
same  means  the  other  stamper,  which  was  previously  suspended, 
is  allowed  to  fall  upon  the  inverted  wedge,  driving  it  down- 
wards and  thereby  releasing  the  working  wedge,  so  that  the 
attendant  may  remove  the  bags  and  repeat  the  operation.  A 
press  like  this  will  not  do  more  than  12  cwt.  of  cake  per  day. 

The  last  mode  of  expressing  the  oil  is  by  means  of  the 
hydraulic  press,  which  may  fairly  be  said  to  be  the  most 
approved  system  that  has  yet  been  adopted.  This  press  is 
simply  Bramah's  press  arranged  specially  for  the  purpose  of 
expressing  oil,  and  appears  to  have  been  in  use  for  this  work 
more  or  less  for  thirty  years,  although  the  earlier  presses  were 
very  defective  as  compared  with  those  in  use  at  the  present 
time. 

One  of  the  first  hydraulic  presses  applied  to  oil  mills  was 
constructed  by  Messrs.  Martin  Samuelson  &  Co.,  of  Hull,  to 
whom  I  am  indebted  for  the  description  of  the  machinery. 

In  this  arrangement,  only  one  press  and  one  set  of  small 
pumps  is  introduced.  The  box  which  receives  the  seed  is  in 
one  piece,  and  runs  upon  a  small  tramway  for  the  purpose  of 
withdrawing  it  from  the  press  to  remove  the  cake  and  replenish 
the  bags  ;  each  time,  therefore,  that  the  press  is  put  in  operation, 
the  entire  box  has  to  be  withdrawn,  in  order  to  empty  and  re- 
plenish it ;  it  is  then  replaced  upon  the  ram,  after  which  it  is 
lifted  bodily  upwards  so  as  to  bring  it  into  contact  with  the  press 
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head,  which  fits  accurately  in  the  press  box,  and  acts  as  the 
point  of  resistance  when  the  pressure  is  upon  the  ram.  The 
constant  withdrawal  and  lifting  of  this  heavy  box  must  evidently 
be  a  great  loss  of  power  and  time.  Presses  of  this  description 
were  at  work  at  Deptford  for  a  number  of  years,  but  they  have 
recently  been  removed  and  replaced  by  those  known  as  Blundell'a 
presses,  which  are  now  universally  admitted  to  be  the  most 
efficient  appliance  for  the  purpose. 

BlundelTs  double  hydraulic  press  is  shown  in  the  annexed 
cut  (fig.  316),  which  shows  a  vertical  section  of  the  press  with  an 


Fiir.  316. 


elevation  of  the  pumps.  The  double  hydraulic  press  consists  of 
two  distinct  presses  a  and  b,  supplied  by  two  pumps  c  and  0, 
one  of  which,  c,  is  2  J  inches  diameter,  and  the  other,  d,  1  inch 
diameter,  both  connected  to  each  distinct  press  cylinder  by 
means  of  hydraulic  tubing  E.  The  stroke  of  each  pump  is 
5  inches,  and  they  make  36  strokes  per  minute ;  the  larger 
pump,  c,  is  weighted  to  740  lbs.  per  square  inch  pressure,  and 
the  smaller,  D,  to  5,540  lbs.  per  square  inch.  The  diameter  of 
the  press  rams  is  12  inches,  and  the  stroke  10  inches.  Each 
press  is  fitted  with  four  boxes  o  G,  and  receives  four  bags  of 
seed  in  the  spaces  h  h,  producing  in  all  a  weight  of  64  lbs.  of 
cake  at  each  operation.  After  the  heated  seed  has  been  removed 
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from  the  heating  kettle,  and  placed  in  the  canvas  and  hair  bags — 
which  is  done  as  speedily  as  possible,  so  that  it  may  retain  its 
heat — the  attendant  first  fills  one  press  a,  and  opens  the  com- 
munication between  the  large  pump  o  and  the  charged  press  a, 
by  means  jof  valves,  which  causes  the  ram  to  rise  until  there  is 
a  total  pressure  of  about  40  tons  exerted  on  the  press ;  the 
safety  valve  connected  with  the  large  pump  c  then  rises,  and  is 
kept  open  by  means  of  a  small  spring  catch.    Whilst  this 
operation  is  going  on  in  the  first  press  a,  the  second  press  b  is 
being  filled  in  the  same  manner :  the  communication  is  then 
opened  between  the  large  pump  c  and  the  press  b  by  means  of 
valves ;  the  safety  valve  of  the  pump  c  having  been  replaced  in 
its  original  position,  the  ram  of  the  second  press  b  is  then  raised 
to  a  corresponding  position  with  that  of  the  first  press  a,  when 
the  safety  valve  of  the  pump  c  rises  a  second  time.    The  com- 
munication between  the  large  pump  c  and  the  press  b  is  then 
closed,  and  at  the  same  time  a  communication  is  opened  by  the 
valves  between  the  small  pumpD  and  the  presses;  and  the  extreme 
pressure  exerted  by  the  small  pump  d,  amounting  to  about  300 
tons,  is  allowed  to  remain  upon  the  rams  for  about  7  minutes 
from  the  time  they  were  first  brought  into  action  ;  this,  together 
with  three  minutes  allowed  for  emptying  and  charging  the  press, 
is  the  full  time  required  for  expressing  the  oil  in  the  most 
effectual  manner.    The  oil  in  leaving  the  seed  passes  through 
the  canvas  bag,  and  then  through  the  hair  bag,  where  it  finds 
a  free  exit  at  the  edges  ;  thence  it  runs  into  a  channel  or  groove, 
which  passes  round  the  upper  portion  of  each  press  box  g  ;  a 
communication  is  made  from  one  box  to  another  by  means  of 
piping,  so  that  the  oil  passes  from  the  upper  boxes  through  the 
lower  ones,  and  thence  into  the  cistern,  which  is  called  the 
spell  tank,  being  just  large  enough  to  hold  the  produce  of  one 
day's  work.    These  presses  are  not  worked  with  water ;  it  has 
been  found  that  oil  which  is  not  of  a  glutinous  nature  works 
much  better,  and  keeps  both  the  pumps  and  presses  in  a  better 
condition.    It  is  scarcely  possible,  if  the  presses  are  properly 
constructed,  that  they  should  meet  with  any  accident :  this  can 
only  occur  through  carelessness,  when  excessive  weight  is  placed 
upon  the  safety-valve  levers,  and  the  valves  themselves  are 
allowed  to  stick  through  want  of  cleanliness,  from  the  attendant 
not  taking  care  to  remove  the  oil,  which  sometimes  becomes 
clotted  round  the  valves.    Each  press  is  capable  of  producing 


Digitized  by  Google 


512 


ON  OIL  MILLS. 


36  cwt.  of  cake  per  day  of  1 1  hours,  and  the  yield  of  oil  may  be 
taken  at  about  14  cwt.  in  the  same  time  ;  this,  of  course,  depends 
much  upon  the  quality  of  the  seed.  The  cake  is  trimmed,  or 
pared  at  the  edges,  by  means  of  a  small  paring  knife,  after 
which  it  is  put  in  a  kind  of  rack  to  allow  it  to  cool  a»d  dry,  so 
that  it  will  not  become  mouldy  when  stacked.  The  oil  is  pumped 
from  the  spell  tanks  into  larger  tanks,  capable  of  holding  from 
25  to  100  tons,  where  it  is  allowed  to  remain  for  some  time  for 
the  purpose  of  settling,  previous  to  being  brought  to  the  market 
in  that  condition,  or  undergoing  various  other  processes,  such 
as  refining,  &c. 

For  all  practical  purposes,  the  screw  press  is  quite  unfit  as 
compared  with  either  the  stamper  or  the  hydraulic  press,  from 
the  objection  that  it  is  constantly  liable  to  break-downs  when 
driven  by  steam  power,  there  being  no  portion  of  the  machinery 
that  will  yield  if  the  pressure  is  not  relieved  in  time,  either  by 
the  attendant  or  by  some  self-acting  contrivance,  the  best  of 
which  are  very  uncertain  in  their  action  ;  whereas  in  the  case  of 
the  stamper  press,  the  stamper  being  loose  and  independent  of 
the  press  box,  any  risk  of  breakage  by  an  overstrain  or  excess  of 
pressure  is  in  a  great  measure  avoided  by  the  stamper  recoiling 
and  leaving  the  wedge  at  a  fixed  point  after  it  is  tightly  driven 
home. 

The  following  comparative  results  of  the  stampers  and  the 
hydraulic  presses,  as  exhibited  in  Messrs.  Earles  &  Carter's 
oil  mills  at  Liverpool,  may  be  interesting.    On  the  same  area  of 
floor,  121  feet  by  30  feet,  where  12  stampers  were  previously 
employed,  the  largest  quantity  of  seed  crushed  in  one  year, 
working  during  the  day,  was  13,000  quarters ;  but  with  8 
hydraulic  presses,  working  day  and  night,  they  have  produced 
52,000  quarters.    This  would  be  equivalent  to  about  30,000 
quarters  for  day  work  only;  and  with  10  hydraulic  presses, 
which  now  form  the  complement,  they  will  crush  65,000  quarters 
of  seed,  working  day  and  night.    With  the  stampers  they  were 
compelled  to  work  the  seed  twice  over,  whereas  with  the  hy- 
draulic presses  it  is  only  necessary  to  work  it  once,  in  both 
instances  yielding  the  same  quantity  of  oil,  and  the  consequent 
saving  of  labour  of  nearly  25  per  cent.    The  difference  in  point 
of  wear  and  tear  between  the  two  modes  of  crushing  is  also 
found  to  be  considerably  in  favour  of  the  hydraulic  presses, 
while  the  cost  of  wedges  with  the  stampers  is  very  considerable. 


Digitized  by  Google 


COM  PAR  ATI  V  E  RES  V  LIB. 


618 


Altogether  there  is  an  important  saviug  in  the  new  method, 
either  as  regards  the  amount  of  labour  or  the  power  required  to 
work  the  hydraulic  presses. 

The  practical  conclusions  to  be  drawn  from  the  results  appear 
to  be  that,  in  the  same  sized  mill,  the  hydraulic  presses  pro- 
duce about  three  times  as  much  oil  as  the  stampers.  They  do 
this  with  less  wear  and  tear,  at  a  considerable  reduction  of  labour 
(since  the  seed  has  only  to  be  handled  once),  and  the  general 
expenses  of  working  the  hydraulic  mill  as  compared  with  the 
stampers,  owing  to  the  increased  production,  is  much  less  per 
quarter  of  seed  crushed  in  the  former  than  in  the  latter  pro- 
cess. The  consumption  of  coal,  general  charges,  and  interest 
on  capital,  plant,  &c,  is  the  same,  whether  13,000  quarters  per 
annum  are  crushed  by  the  stampers,  or  three  times  that  quantity 
by  the  hydraulic  presses. 

In  conclusion,  we  may  observe  that  it  appears,  from  official 
returns  in  1841,  that  the  quantity  of  seed  imported  into  this 
country  for  the  oil  manufacture  was  364,000  quarters ;  in  ten 
years  it  increased  to  630,000  quarters ;  and  in  1856  it  was 
1,100,000  quarters,  producing  about  141,000  tons  of  cake  and 
56,000  tons  of  oil. 
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CHAPTER  VIII. 

PATER  MILLS. 

Dr.  Ure,  in  his  '  Dictionary  of  Arts,  Manufactures,  and  Mines,' 
states,  in  his  article  Paper,  '  it  is  much  to  be  regretted  that, 
in  tracing  the  origin  of  so  curious  an  art  as  that  of  the  manu- 
facture of  modern  paper,  any  definite  conclusion  as  to  the 
precise  time  or  period  of  its  adoption  should  hitherto  have 
proved  altogether  unattainable.  The  Royal  Society  of  Sciences 
at  Gottingen,  in  1755  and  1768,  offered  considerable  premiums 
for  that  especial  object ;  but,  unfortunately,  all  researches,  how- 
ever directed,  were  utterly  fruitless.  The  most  ancient  manu- 
script on  cotton  paper  appears  to  have  been  written  in  1050, 
while  Eustathius,  who  wrote  towards  the  end  of  the  twelfth 
century,  states  that  the  Egyptian  papyrus  had  gone  into  disuse 
but  a  little  before  his  time.' 

Speaking  of  the  origin  of  the  manufacture,  it  may  be  stated 
that  the  Chinese  were  early  in  the  field,  and  probably  gave  birth 
to  the  art  of  making  paper  from  vegetable  matter  reduced  to 
pulp  long  before  its  introduction  into  Europe.  Dr.  Ure  ob- 
serves that  '  several  kinds  of  their  paper  evince  the  greatest 
art  and  ingenuity,  and  are  applied  with  much  advantage  to 
many  purposes.  One  especially,  manufactured  from  the  inner 
bark  of  the  bamboo,  is  particularly  celebrated  for  affording 
the  clearest  and  most  delicate  impressions  from  copper  plates, 
which  are  ordinarily  termed  India  proofs.  The  Chinese,  how- 
ever, make  paper  of  various  kinds—  some  of  the  bark  of  trees, 
especially  the  mulberry  tree  and  the  elm,  but  chiefly  of  the 
bamboo  and  cotton  tree,  and  occasionally  from  other  substances 
such  as  hemp,  wheat,  or  rice  straw.  To  give  an  idea  of  the 
manner  of  fabricating  paper  from  these  different  substances,  it 
will  suffice  (the  process  being  nearly  the  same  in  each)  to  con- 
fine our  observations  to  the  method  adopted  in  the  manufacture 
of  paper  from  the  bamboo — a  kind  of  cane  or  hollow  reed, 
divided  by  knots,  but  larger,  more  elastic,  and  more  durable 
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than  any  other  reed.    The  whole  substance  of  the  bamboo  is  at 
times  employed  by  the  Chinese  in  this  operation,  but  the 
younger  stalks  are  preferred.    The  canes  being  first  cut  into 
pieces  of  4  or  5  feet  in  length  are  made  into  parcels,  and  thrown 
into  a  reservoir  of  mud  and  water  for  about  a  fortnight,  to 
soften  them;  they  are  then  taken  out  and  carefully  washed, 
every  one  of  the  pieces  being  again  cut  into  filaments,  which  are 
exposed  to  the  rays  of  the  sun  to  dry  and  to  bleach.  After 
this  they  are  boiled  in  large  kettles,  and  then  reduced  to  pulp 
in  mortars,  by  means  of  a  hammer  with  a  long  handle;  or, 
as  is  commonly  the  case,  by  submitting  the  mass  to  the  action 
of  stampers,  raised  in  the  usual  way  by  cogs  on  a  revolving 
axis.    The  pulp  being  thus  far  prepared,  a  glutinous  substance 
extracted  from  the  shoots  of  a  certain  plant  is  next  mixed  with 
it  in  stated  quantities,  and  upon  this  mixture  chiefly  depends 
the  quality  of  the  paper.    As  soon  as  this  has  taken  place  the 
whole  is  again  beaten  together  until  it  becomes  a  thick  viscous 
liquor,  which,  after  being  reduced  to  an  essential  state  of  con- 
sistency, by  a  further  admixture  of  water,  is  then  transferred  to 
a  large  reservoir  or  vat,  having  on  each  side  of  it  a  drying 
stove,  in  the  form  of  the  ridge  of  a  house ;  that  is,  consisting 
of  two  sloping  sides  touching  at  top.    These  sides  are  covered 
externally  with  an  exceedingly  smooth  coating  of  stucco,  and 
a  flue  passes  through  the  brickwork,  so  as  to  keep  the  whole 
of  each  side  equally  and  moderately  warm.    A  vat  and  a  stove 
are  placed  alternately  in  the  manufactory,  so  that  there  are 
two  sides  of  two  different  stoves  adjacent  to  each  vat.  The 
workman  dips  his  mould,  which  is  sometimes  formed  merely 
of  bulrushes,  cut  in  narrow  strips  and  mounted  in  a  frame,  into 
the  vat,  and  then  raises  it  out  again,  the  water  passing  off 
through  the  perforations  in  the  bottom,  and  the  pulpy  paper 
stuff  remaining  on  its  surface.    The  frame  of  the  mould  is  then 
removed,  and  the  bottom  is  pressed  against  the  sides  of  one  of 
the  stoves,  so  as  to  make  the  sheet  of  paper  adhere  to  its  sur- 
face, and  allow  the  sieve  (as  it  were)  to  be  withdrawn.  The 
moisture,  of  course,  speedily  evaporates  by  the  warmth  of  the 
stove ;  but  before  the  paper  is  quite  dry  it  is  brushed  over  on  its 
outer  surface  with  a  size  made  of  rice,  which  also  soon  dries, 
and  the  paper  is  then  stripped  off  in  a  finished  state,  having  one 
surface  exquisitely  smooth,  it  being  seldom  the  practice  of  the 
Chinese  to  write  or  print  on  both  sides  of  the  paper.    While  all 
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this  is  taking  place  the  moulder  has  made  a  second  sheet,  and 
pressed  it  against  the  side  of  the  other  stove,  where  it  undergoes 
the  operation  of  sizing  and  drying  precisely  as  in  the  former 
case.' 

With  respect  to  the  time  when  the  manufacture  of  paper  was 
first  introduced  into  England,  we  have  no  reliable  data.  The 
earliest  trace  of  a  paper  mill  is  supposed  to  have  been  erected 
at  Stevenage,  in  Hertfordshire,  about  the  year  1498  or  1499; 
also  in  Scotland,  about  the  middle  of  the  seventeenth  century, 
when  a  company  was  formed  for  the  manufacture  of  white  writ- 
ing and  printing  paper.  But,  in  fact,  little  was  done  in  the 
way  of  perfecting  the  manufacture  till  the  middle  of  the.  last 
and  the  beginning  of  the  present  century.  Up  to  the  latter 
period  the  only  machinery  then  in  use  was  the  rag  engine,  and 
the  moulds  and  felts  as  practised  by  hand  in  single  sheets  from 
the  liquid  pulp.  It  is  a  curious  fact  that,  notwithstanding  that 
paper  has  been  made  in  this  country  and  other  parts  of  Europe 
from  two  to  three  centuries,  few  if  any  improvements,  till  of  late, 
have  been  effected  in  the  shape  of  machinery  for  the  purpose  of 
increasing  the  quantity  and  reducing  the  cost  of  the  manufac- 
ture. Such  was  the  imperfect  state  of  the  manufacture  when  a 
working  model  of  a  continuous  machine  was  introduced  into 
this  country  from  France,  from  the  paper  manufactory  of 
Monsieur  L.  Didot  at  Essonne.  This  occurred  in  1801,  when 
the  invention  was  purchased  by  Messrs.  Fourdrinier,  whose 
experiments  and  labour  in  perfecting  the  machine  were  never 
rewarded.  Subsequently  it  passed  into  the  hands  of  the  late 
Mr.  Donkin  of  Bermondsey,  of  whose  improved  machine  and 
the  drying  and  cutting  machine  attached  we  give  a  sketch. 

During  a  recent  alteration  of  the  paper  duties,  a  long  and 
vigorous  opposition  was  maintained  on  the  part  of  the  manufac- 
turers against  the  Legislature.  It  was  maintained  that  the  price 
of  rags  from  the  Continent  would  be  greatly  increased,  and  that 
serious  injury  would  be  the  result.  These  fears  have  not,  how- 
ever, been  realised,  as  a  number  of  resources  were  at  hand,  and 
the  variety  of  substances  which  enters  into  the  formation  of 
pulp  and  the  manufacture  of  paper  is  so  great,  that  I  cannot 
refrain  from  again  quoting  Dr.  Ure. 

The  Doctor  says  that  'silks,  woollens,  flax,  hemp,  and  cotton, 
in  all  their  varied  forms,  whether  as  cambric,  lace,  linen,  holland. 
fustian,  corduroy,  bagging,  canvas,  or  even  as  cables,  are  or  can 


Digitized  by  Google 


MATERIALS  EMPLOYED. 


517 


be  used  in  the  manufacture  of  paper  of  one  kind  or  another. 
Still,  rags,  as  of  necessity  they  accumulate  and  are  gathered  up 
by  those  who  make  it  their  business  to  collect  them,  are  very 
far  from  answering  the  purposes  of  paper  making.  Bags  to  the 
paper  maker  are  almost  as  various  in  point  of  quality  or  distinc- 
tion as  the  materials  which  are  sought  after  through  the  influence 
of  fashion.  Thus  the  paper  maker,  in  buying  rags,  requires  to 
know  exactly  of  what  the  bulk  is  composed.  If  he  is  a  manu- 
facturer of  white  papers,  no  matter  whether  intended  for  writing 
or  printing,  silk  or  woollen  rags  would  be  found  altogether 
useless,  inasmuch,  as  is  well  known,  the  bleach  will  fail  to*  act 
upon  any  animal  substance  whatever.  And  although  he  may 
purchase  eveu  a  mixture  in  proper  proportions,  adapted  for  the 
quality  he  is  in  the  habit  of  supplying,  it  is  essential,  in  the 
processes  of  preparation,  that  they  shall  previously  be  separated. 
Cotton  in  its  raw  state,  as  may  be  readily  conceived,  requires 
far  less  preparation  than  a  strong  hempen  fabric ;  and  thus,  to 
meet  the  requirements  of  the  paper  maker,  rags  are  classed 
under  different  denominations,  as,  for  instance,  besides  fines 
and  seconds,  there  are  thirds,  which  are  composed  of  fustians, 
corduroy,  and  familiar  fabrics ;  stamps  or  prints  (as  they  are 
termed  by  the  paper  maker),  which  are  coloured  rags  ;  and  also 
innumerable  foreign  rags,  distinguished  by  certain  well-known 
marks,  indicating  their  various  peculiarities.  It  might  be  men- 
tioned, however,  that,  although  by  far  the  greater  portion  of  the 
materials  employed  are  such  as  have  already  been  alluded  to,  it 
is  not  from  their  possessing  any  exclusive  suitableness—  since 
various  fibrous  vegetable  substances  have  frequently  been  used, 
and  are,  indeed,  still  successfully  employed — but  rather  on 
account  of  their  comparatively  trifling  value,  arising  from  the 
limited  use  to  which  they  are  otherwise  applicable.' 

The  same  authority  goes  on  to  state  that  '  almost  every 
species  of  tough  fibrous  vegetable,  and  even  animal  substance, 
has  at  one  time  or  another  been  employed  ;  even  the  roots  of 
trees,  their  bark,  the  bine  of  hops,  the  tendrils  of  the  vine,  the 
stalks  of  the  nettle,  the  common  thistle,  the  stem  of  the  holly- 
hock, the  sugar  cane,  cabbage  stalks,  beet  root,  wood  shavings, 
sawdust,  hay,  straw,  willow,  and  the  like.  Straw  is  occasionally 
used,  in  connection  with  other  materials,  such  as  linen  or  cotton 
rags,  and  even  with  considerable  advantage,  providing  the  pro- 
cesses of  preparation  are  thoroughly  understood.    Where  such 
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is  not  the  case,  and  the  silica  contained  in  the  straw  has  not 
been  destroyed  (by  means  of  a  strong  alkali)  the  paper  will 
be  invariably  fonnd  more  or  less  brittle ;  in  some  cases  so  much 
so  as  to  be  hardly  applicable  to  any  purpose  whatever  of  practical 
utility.  The  waste,  however,  which  the  straw  undergoes,  in 
addition  to  a  most  expensive  process  of  preparation,  necessarily 
precludes  its  adoption  to  any  great  extent.  Two  inventions 
have  been  patented  for  manufacturing  paper  entirely  from  wood. 
One  process  consists  in  first  boiling  the  wood  in  caustic  soda 
lye,  in  order  to  remove  the  resinous  matter,  and  then  washing 
to  remove  the  alkali ;  the  wood  is  next  treated  with  chlorine 
gas  or  an  oxygenous  compound  of  chlorine  in  a  suitable  appa- 
ratus, and  washed  to  free  it  from  the  hydrochloric  acid  formed; 
it  is  now  treated  with  a  small  quantity  of  caustic  soda,  which 
converts  it  instantly  into  pulp,  which  has  only  to  be  washed  and 
bleached,  when  it  will  merely  require  to  be  beaten  for  an  hour 
or  an  hour  and  a  half  in  the  ordinary  beating  engine,  and  made 
into  paper.  The  other  invention  is  very  simple,  consisting 
merely  of  a  wooden  box  enclosing  a  grindstone,  which  has  a 
roughened  surface,  and  against  which  the  blocks  of  wood  are 
kept  in  close  contact  by  a  lever,  a  small  stream  of  water  being 
allowed  to  flow  upon  the  stone  as  it  turns,  in  order  to  free  it  of 
the  pulp,  and  to  assist  in  carrying  it  off  through  an  outlet  at 
the  bottom.  Of  course,  the  pulp  thus  produced  cannot  be  em- 
ployed for  any  but  the  coarser  kinds  of  paper.  For  all  writing 
and  printing  purposes,  which,  manifestly,  are  the  most  important, 
nothing  has  yet  been  discovered  to  lessen  the  value  of  rags ; 
neither  is  it  at  all  probable  that  there  will,  inasmuch  as  rags,  of 
necessity,  must  continue  accumulating,  and  before  it  will  answer 
the  purpose  of  the  paper  maker  to  employ  new  material,  which 
is  not  so  well  adapted  for  his  purpose  as  the  old,  he  must  be 
enabled  to  purchase  it  for  considerably  less  than  it  would  be 
worth  in  the  manufacture  of  textile  fabrics ;  and,  besides  all 
this,  rags  possess  in  themselves  the  very  great  advantage  of 
having  been  repeatedly  prepared  for  paper  making  by  the 
numerous  alkaline  washings  which  they  necessarily  receive 
during  their  period  of  use.' 

In  considering  the  various  processes  or  stages  of  the  manu- 
facture of  paper,  we  have  first  to  notice  that  of  carefully  sorting 
and  cutting  the  rags  into  small  pieces,  which  is  done  by  women, 
each  woman  standing  at  a  table  frame,  the  upper  surface  of 
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which  consists  of  very  coarse  wire  cloth,  a  large  knife  being 
fixed  in  the  centre  of  the  table  nearly  in  a  vertical  position. 
The  woman  stands  so  as  to  have  the  back  of  the  blade  opposite 
to  her,  while  at  her  right  hand  on  the  floor  is  a  large  wooden 
box,  with  several  divisions.  Her  business  consists  in  examining 
the  rags,  opening  the  seams,  removing  the  dirt,  pins,  needles, 
and  buttons  of  endless  variety,  which  would  be  liable  to  injure 
the  machinery  or  damage  the  quality  of  the  paper.  She  then 
cuts  the  rags  into  small  pieces,  not  exceeding  four  inches  square, 
by  drawing  them  sharply  across  the  edge  of  the  knife,  at  the 
same  time  keeping  each  quality  distinct  in  the  several  divisions 
of  the  box  placed  on  her  right  hand.  During  this  process  much 
of  the  dirt,  sand,  and  so  forth,  passes  through  the  wire  cloth 
into  a  drawer  underneath,  which  is  occasionally  cleaned  out. 
After  this  the  rags  are  removed  to  what  is  called  the  dusting 
machine,  which  is  a  large  cylindrical  frame  covered  with  similar 
coarse  iron  wire  cloth,  and  having  a  powerful  revolving  shaft 
extending  through  the  interior,  with  a  number  of  spokes  fixed 
transversely,  nearly  long  enough  to  touch  the  cage.  By  means 
of  this  contrivance,  the  machine  being  fixed  upon  an  incline  of 
some  inches  to  the  foot,  the  rags  which  are  put  in  at  the  top 
have  any  remaining  particles  of  dust  that  may  still  adhere  to 
them  effectually  beaten  out  by  the  time  they  reach  the  bottom. 
The  rags,  being  thus  far  cleansed,  have  next  to  be  boiled  in  an 
alkaline  lye  or  solution,  made  more  or  less  strong  as  the  rags 
are  more  or  less  coloured,  the  object  being  to  get  rid  of  the 
remaining  dirt  and  some  of  the  colouring  matter.  The  propor- 
tion is  from  four  to  ten  pounds  of  carbonate  of  soda  with  one- 
third  of  quicklime  to  the  hundredweight  of  material.  In  this 
the  rags  are  boiled  for  several  hours,  according  to  their  quality. 
The  method  generally  adopted  is  that  of  placing  the  rags  in 
large  cylinders,  which  are  constantly,  though  slowly,  revolving, 
thus  causing  the  rags  to  be  as  frequently  turned  over,  and  into 
which  a  jet  of  steam  is  cast  with  a  pressure  of  something  near 
30  lbs.  to  the  square  inch. 

Before  considering  the  subsequent  process  the  material  has 
to  go  through  before  it  issues  from  the  mill  in  the  finished  state 
of  paper,  it  may  be  interesting  first  to  describe  the  position  of 
the  machinery  in  order  to  show  how  the  work  is  accomplished. 

The  following  sketches  (figs.  317,  318,  and  319)  represent 
plans  and  sections  of  the  machinery  part  of  a  paper  mill,  but 
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none  of  the  outbuildings,  such  as  dry  houses,  bleach  works,  and 
finishing  rooms,  which  are  generally  attached  to  the  buildings 
containing  the  moving  power. 

Fig.  817  is  an  elevation  of  the  mill,  showing  the  water  wheel 
A,  and  the  principal  shafts  P,  B,  c ;  the  vat  f,  containing  the 
pulp ;  the  rag  engines  B ;  the  machine  L,  with  endless  wire ;  the 
drying  machine  k  ;  the  cutting  machine  H ;  the  rag  machines  d 
in  the  upper  story  (which  are  used  for  cutting  and  peparing  the 
rags  for  the  boiling  and  bleaching  process) ;  the  pillars  for  sup- 
porting the  floor  and  roof ;  the  roof,  &c. 


Fig.  319. 
Cross  Section. 


Fig.  318  is  a  plan  showing  the  position  and  gearing  of  the 
longitudinal  shafts;  a,  a,  the  pillars  for  supporting  the  floor; 
w,  w,  the  hydraulic  presses  ;  t,  the  bench  for  sorting  the  paper ; 
v,  the  staircase ;  b,  c,  c,  the  method  generally  adopted  for  gear- 
ing the  shafting  to  the  paper  machine  L ;  the  drying  machine  K ; 
and  the  cutting  machine  H,  &c. 

Fig.  319  is  a  section  showing  the  position  of  the  rag  engines 
E  E,  the  upright  b,  &c. 

The  building  is  rectangular,  as  shown  at  fig.  318,  with  a 
powerful  water  wheel  a  at  one  end.  The  mill  is  1 25  feet  long, 
two  stories  high,  and  50  feet  wide.  It  contains  dust  and  rag 
machines  in  the  sorting  room  above  ;  eight  engines  for  convert 
ing  the  rags  into  pulp ;  a  continuous  paper,  drying,  and  cutting 
machine  ;  hydraulic  presses ;  glazing  machines,  &c.    It  will  be 
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seen  that  the  water  wheel  gives  motion  to  a  line  of  strong  cast- 
iron  shafts,  varying  from  10  to  8  inches  diameter,  a  little  ahove 
the  ground  floor.  On  these  shafts,  next  to  the  wall,  is  a  bevel 
wheel  for  driving  the  upright  b,  of  cast  iron,  5  inches  in  dia- 
meter, and  wrought-iron  shaft  c,  3£  inches  diameter,  which 
drive  the  rag  machines  d  d  in  the  room  above.  On  the  line  of 
shafts  which  pass  under  the  rag  or  pulp  engines  are  four  large 
spur  wheels  eeee,  which  give  motion  to  eight  pinions  4£  inches 
diameter,  on  the  axes  of  the  spindles,  and  also  to  the  cylinders 
of  the  rag  engines  which  contain  steel  cutters  fixed  all  round 
their  periphery.  These  cylinders,  which  are  about  three  feet  dia- 
meter, revolve  at  the  rate  of  170  revolutions  per  minute,  and, 
coming  into  close  contact  with  similar  knives  placed  at  a  slight 
angle  in  a  fixed  iron  block  below,  the  rags  are  torn  or  macerated 
until  they  are  reduced  to  the  state  of  pulp.  After  this  process 
the  liquid  is  run  from  the  higher  to  the  lower  engines,  where  it 
is  comminuted  into  an  exceedingly  fine  pulp,  which  in  proper 
time  is  discharged  into  a  vat  or  cistern  below.  From  this  it  is 
raised  by  a  pump  to  the  vats  p  over  the  paper  machine,  where 
it  is  kept  in  motion  by  a  revolving  agitator  o,  and  from  thence 
is  run  in  measured  quantities  on  to  the  frame  and  wire-cloth 
shaker  of  the  continuous  paper  machine,  where  it  is  finished, 
dried,  and  cut  into  sheets. 

Our  space  does  not  admit  of  a  full  description  of  the  paper- 
making  machine,  with  all  its  motions,  strainers,  rollers,  blanket 
carriers,  &c.  We  may,  however,  direct  attention  to  an  elaborate 
description  of  these  ingenious  contrivances  in  Dr.  Ure's  '  Dic- 
tionary/ pages  391,  392,  to  which  we  have  already  referred. 

The  quantity  of  machinery  in  a  paper  mill  is  not  considerable 
when  compared  with  mills  for  the  manufacture  of  the  textile 
fabrics,  and,  with  the  exception  of  the  paper  machine,  the  drying, 
cutting,  and  sizing  machines,  a  mill  for  the  manufacture  of 
paper,  so  far  as  its  mechanism  is  concerned,  is  almost  exclusively 
a  piece  of  well-constructed  mill-work ;  the  other  parts  of  the 
manufacture  belong  to  the  chemist,  both  before  and  after  the 
mechanical  operations  have  been  effected. 

Connected  with  the  manufacture  of  paper,  there  is  one  point 
of  considerable  interest  and  importance ;  and  that  is,  what  is 
commonly,  but  erroneously,  termed  the  water  mark,  which  may 
be  noticed  in  the  Bank  of  England  notes,  cheques,  and  bills,  as 
also  in  every  postage  and  receipt  label  of  the  present  day. 
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On  this  point  Dr.  Ure  observes  that  *  water  marks  have  at 
various  periods  been  the  means  of  detecting  frauds,  forgeries, 
and  impositions,  in  our  courts  of  law  and  elsewhere,  to  say 
nothing  of  the  protection  they  afford  in  the  instances  already 
referred  to,  such  as  bank  notes,  cheques,  receipt,  bill,  and 
postage  stamps.  The  celebrated  Curran  once  distinguished 
himself  in  a  case  which  he  had  undertaken  by  shrewdly 
referring  to  the  water  mark,  which  effectually  determined  the 
verdict.  And  another  instance,  which  may  be  introduced  in 
the  form  of  an  amusing  anecdote,  occurred  once  at  Messina, 
where  the  monks  of  a  certain  monastery  exhibited,  with  great 
triumph,  a  letter  as  being  written  by  the  Virgin  Mary  with  her 
own  hand.  Unluckily  for  them,  however,  this,  was  not,  as  it 
easily  might  have  been,  written  upon  the  ancient  papyrus,  but 
on  paper  made  of  rags.  On  one  occasion  a  visitor,  to  whom 
this  was  shown,  observed,  with  affected  solemnity,  that  the 
letter  involved  also  a  miracle,  for  the  paper  on  which  it  was 
written  was  not  in  existence  until  several  centuries  after  the 
death  of  the  Virgin.' 

There  is,  perhaps,  no  description  of  manufacture,  where 
machinery  is  not  extensively  employed,  that  embraces  a  greater 
variety  of  forms  and  quality  in  its  products  than  paper.  Chemical 
combinations  have  probably  as  much,  if  not  more,  to  do  with 
the  manufacture  than  applied  mechanics ;  and,  assuming  that 
we  are  able  to  enumerate  the  different  kinds  of  manufacture, 
such  as  writing,  printing,  and  wrapping  papers,  which  come 
from  the  mills,  we  should  find  in  the  first,  five  different  sorts, 
known  as  cream  wove,  yellow  wove,  blue  wove,  &c. ;  in  printing, 
two  sorts,  laid  and  wove ;  and  in  wrapping  four,  blue,  purple, 
brown,  &c.  Exclusive  of  these  there  are  other  varieties,  such 
as  blotting  and  filtering  papers,  which  are  rendered  absorbent  by 
an  admixture  of  woollen  rags  introduced  into  the  process  during 
the  preparation  of  the  pulp,  and  to  these  again  may  be  added 
the  appliances  to  which  paper  may  be  moulded  under  the  well- 
known  name  of  papier  maclie,  which  constitutes  such  a  variety 
of  articles  of  utility  and  ornament  in  both  the  fine  and  useful 
arts.  This  material,  when  moulded  and  pressed,  can  be  formed 
into  models,  busts,  tables,  trays,  antique  candelabra,  and  a  vast 
variety  of  useful  and  classical  forms,  which,  forcibly  com- 
pressed, is  capable  of  retaining  the  impressions  as  originally 
produced. 
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The  paper  manufacture  of  this  country  has  undergone,  like 
most  other  manufactures,  many  changes  and  improvements. 
Little  more  than  a  century  ago  the  whole  manufacture  was  only 
equal  to  two-thirds  the  consumption;  now  there  is  a  considerable 
surplus  exported  free  of  duty.  In  1835  the  weight  of  manu- 
factured paper  that  paid  duty  was    ....    70,000,000  lbs. 

In  1845  it  had  risen  to  124,000,000 

In  1855  it  stood  at  nearly   167,000,000 

In  1859  it  was  about   218,000,000 

and  in  six  more  years  it  may  reach  ....  300,000,000 

Such  is  the  importance  of  this  valuable  branch  of  industry, 
that  to  every  appearance  its  increase  is  only  circumscribed  by 
the  supply  of  rags  and  the  material  employed  in  the  manu- 
facture. 

The  following  table  exhibits  the  speeds  of  the  different  shafts 
and  machines  shown  in  figs.  317,  318,  and  319: 

List  or  Wheels  and  Steeds. 


Water  wheel  30  ft.  diameter.    Velocity  on  periphery  4  ft.  per  second,  eqnal  to 

2-5  revolutions  per  minute. 


Description  of 
pcaring 

Driver 

Driven 

Hwnlt- 
revolntioni  per  minute 

DiauicW 

Hcvoiu 

Hons. 

Diameter 

Segments  P 
Spur  wheels  O 

Spur  wheels  e 
Bevel  wheels  f 
Bevel  wheels  n 

Pulley  D 

Pulley  K 

ft.  In. 
29 
10 

11  8 
9  8| 

3  6 

2  0 
1  0 

2-5 
160 

30-6 
30-6 
56-8 

1037 

56*3 

i 

ft.  in. 
4  6J 
6  6£ 

2  0J 

2  ()\ 

i  104 

1  3 

3  0 

16    revolutions  of  cross  shaft. 
30-6         „  longitudinal 

shaft. 

174            „          rag  engines. 
56-3          ,.           upright  shaft. 
103-7          „  longjtudinal 

shaft  c. 

165*0          „  rag-cleaning 

machine. 
187          „  agitator. 

It  will  be  observed,  as  noticed  ante,  p.  127,  that  the  speeds 
at  which  water  wheels  are  driven  vary  according  to  the  heights 
of  the  falls ;  in  this  wheel,  as  in  most  others  adapted  to  high 
falls,  the  speed  seldom  exceeds  4  feet  circumferential  velocity, 
unless  there  is  an  unlimited  supply,  when  the  speed  may  be 
slightly  increased. 


Digitized  by  Google 


520 


CHAPTER  IX. 

POWDER  MILLS. 

The  manufacture  of  gunpowder  is  always  a  precarious  operation, 
and  this  is  not  surprising  when  we  consider  the  properties  and 
chemical  combinations  of  the  ingredients  of  which  it  is  com- 
posed. An  admixture  of  sulphur,  nitre,  and  charcoal  in  due 
proportion  when  fired  by  a  spark,  whether  accidentally  or  other- 
wise, will  produce  the  phenomenon  of  explosion,  and  cause 
serious  injury  to  surrounding  objects  within  range  of  its  de- 
structive effects. 

This  well-known  composition  is  used  for  every  description 
of  fire  arms,  and  its  safe  application  depends  upon  a  know- 
ledge of  the  fact  that,  at  the  moment  of  ignition,  violent 
deflagration  takes  place,  accompanied  by  the  evolution  of  a 
large  quantity  of  gas. 

The  quantity  produced  by  explosion  is  about  900  times  the 
volume  of  the  powder ;  but,  owing  to  the  high  temperature  it 
attains  as  it  passes  from  the  solid  to  the  gaseous  state,  and  the 
space  it  occupies  at  the  moment  of  formation,  it  is  probably 
three  times  that  amount,  or  2,700  times  the  actual  volume  of 
the  powder  from  which  it  is  evolved.  This  immense  increase 
of  volume,  and  corresponding  amount  of  expansive  force,  will 
account  for  the  effects  of  explosive  substances,  and  the  velocity 
with  which  a  projectile  is  discharged  from  a  gun.  There  are 
many  fulminating  substances,  chiefly  compounds  of  nitrogen 
and  chlorine,  besides  gunpowder,  which  explode  with  great 
rapidity,  the  whole  mass  to  every  appearance  being  instan- 
taneously converted  into  gas.  Now  this  is  not  the  case  with 
gunpowder,  as  time  is  an  element  in  its  combustion,  and  it 
frequently  happens  that,  in  a  gun  loaded  with  an  extra  charge 
of  powder,  the  combustion  is  incomplete ;  and  hence  follows 
the  necessity  of  limiting  the  quantity  to  the  power  of  the  gun, 
in  order  that  the  projectile  may  have  the  full  force  of  the 


Digitized  by  Google 


MATERIALS  EMPLOYED. 


exploded  powder.  This  is  well  known  to  artillerists,  and  also, 
that  no  composition  fulfils  the  conditions  required  in  fire  arms 
so  effectually  as  a  well-proportioned  mixture  of  nitre,  sulphur, 
and  charcoal.  It  is  this  composition  which  constitutes  the  pro- 
pulsive force  of  projectiles,  and  the  more  pure  these  substances 
are  when  properly  mixed,  the  more  perfect  is  the  powder. 

In  powder  mills,  as  in  others  where  chemical  operations  are 
carried  on,  it  would  bo  foreign  to  the  objects  of  this  treatise 
to  enter  upon  the  various  processes  by  which  a  certain  article 
is  manufactured  from  the  crude  materials  of  which  it  is  com- 
posed; but  simply  to  describe  the  mechanical  operations  by 
which  the  objects  are  attained,  and  that  more  particularly  when 
it  comes  within  what  has  been  considered  the  province  of  the 
millwright.  In  treating  of  this  particular  manufacture,  and 
the  machinery  by  which  its  ingredients  are  mixed,  ground,  and 
sifted,  which  from  the  time  of  its  invention  has  been  entrusted 
to  the  hands  of  the  millwright,  it  may  be  interesting  to  trace, 
as  simply  as  possible,  the  preparatory  process  by  which  the  in- 
gredients already  described  are  manipulated  in  combination 
before  they  arrive  at  what  is  called  the  finished  state  of  gun- 
powder. 

We  have  noticed  that  nitre  forms  one  of  its  principal  ingre- 
dients, and  this  is  prepared  from  its  crude  state,  as  nitre  of 
commerce,  by  solution  in  hot  water  and  crystallisation.  By 
this  process,  after  being  carefully  washed  and  every  impurity 
removed,  it  is  in  a  pulverulent  state  ready  for  combination. 

Sulphur  is  prepared  by  fusion  in  an  iron  pot,  at  a  temper- 
ature of  about  230° ;  the  impurities  are  then  removed  by  skim- 
ming, and  the  denser  parts  allowed  to  sink  to  the  bottom,  from 
whence  they  are  discharged  into  a  receptacle  or  vessel  to  cool. 

Charcoal,  of  the  three  ingredients  of  gunpowder,  is  the  most 
important,  and  much  depends  on  the  quality  of  the  wood  used. 
I  give  the  article  as  it  appears  in  the  last  edition  of  Dr.  Ure's 
'  Dictionary  of  Arts  and  Manufactures.' 

He  states  that  '  woods  which  are  best  adapted  for  the  pro- 
duction of  pyroligneous  acid  are  not  fitted  for  the  manufacture 
of  gunpowder;  the  charcoal  must  therefore  be  prepared  spe- 
cially. The  following  are  the  essential  properties  of  good  char- 
coal for  powder:  1.  It  should  be  light  and  porous.  2.  It 
should  yield  little  ashes.  3.  It  should  contain  little  moisture. 
The  woods  yielding  good  powder  charcoals  are  black  alder, 
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poplar,  spindle  tree,  black  dogwood,  and  chestnut.  Hemp  stalks 
are  also  said  to  yield  good  charcoal  for  gunpowder. 

1  The  operation  of  preparing  the  charcoal  naturally  divides 
itself  into  three  processes.  1.  The  selection  of  the  wood. 
2.  Preparation  of  the  wood  previous  to  carbonisation.  3.  The 
carbonisation. 

'  In  selecting  the  wood  care  is  to  be  taken  to  avoid  the  old 
branches,  as  the  charcoal  made  from  them  would  }Tield  too 
much  ashes.  The  bark  is  to  be  rejected  for  the  same  reason. 
The  wood  is  to  be  cut  into  pieces  from  4J  feet  to  6  feet  long. 
If  the  branches  used  are  more  than  j  of  an  inch  in  diameter 
they  are  to  be  split.  If  the  wood  be  too  large,  great  difficulty 
will  be  found  in  uniformly  charring  it. 

*  There  are  two  methods  employed  in  the  charring  of  wood 
for  gunpowder.  In  one,  the  operation  is  conducted  in  pits  ;  but 
the  process  more  commonly  resorted  to  is  distillation  in  cylin- 
drical iron  retorts.  There  are  certain  advantages  in  the  pit 
process,  but  they  are  more  than  counterbalanced  by  the  con- 
venience and  economy  of  distillation.  The  stills  used  are  about 
6  feet  long,  and  2  feet  9  inches  in  diameter.  The  ends  of  the 
cylinders  are  closed  by  iron  plates,  pierced  to  admit  tubes  of  the 
same  metal.  Some  of  the  latter  are  for  the  introduction, 
during  the  carbonisation,  of  sticks  of  wood,  which  are  capable 
of  being  removed  to  indicate  the  stage  of  the  decomposition, 
while  another  communicates  with  the  condenser.  The  more 
freely  the  volatile  matters  are  allowed  to  escape,  the  better  the 
quality  of  the  resulting  charcoal.  If  care  be  not  taken  in  this 
respect,  especially  as  the  distillation  reaches  its  close,  the  tarry 
matters  become  decomposed,  and  a  hard  coating  of  carbon  is  de- 
posited on  the  charcoal,  which  greatly  lowers  its  quality.  The 
process  of  burning  in  pits  is  considered  to  yield  a  superior  coal, 
owing  to  the  facility  with  which  the  gases  and  vapours  fly  off. 

1  The  degree  to  which  the  burning  or  distillation  is  carried 
materially  influences  the  nature  of  the  resulting  powder.  If 
the  operation  be  arrested  before  the  charcoal  becomes  quite 
black,  so  that  it  may  retain  a  dark-brownish  hue,  the  powder 
will  be  more  explosive  than  it  would  be  if  it  were  pushed  until 
the  charcoal  had  attained  a  deep  black  colour.  When  it  has 
been  found  that  no  more  volatile  products  are  being  given  off, 
the  fire  is  damped,  and  in  a  few  hours  the  contents  of  the 
cylinders  are  transferred  to  well-closed  iron  boxes  to  cool.' 
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The  three  ingredients,  having  been  carefully  prepared,  are 
now  mixed  so  as  to  effect  a  thorough  incorporation  necessary  for 
the  production  of  good  powder.  The  original  method  was  by 
stampers  shod  with  brass  beaters  working  in  wooden  mortars, 
the  stampers  in  this  case  being  raised  by  a  revolving  shaft  and 
tappets  worked  by  a  water  wheel,  or  horses,  as  most  convenient.* 

The  Government  powder  mills  at  Waltham  Abbey,  and  some 
of  private  establishments,  have  not,  until  of  late  years,  undergone 
any  material  improvement  since  their  erection.  They  could 
not,  however,  escape  the  changes  which  for  the  last  twenty 
years  have  been  in  operation  in  almost  every  other  kind  of 
manufacture.  New  contrivances,  and  improvements  upon  old 
ones,  have  been  applied  to  powder  mills  as  well  as  to  those  of 
a  different  character;  and,  although  the  system  of  grinding  by 
edge  stones  has  not  been  superseded,  great  improvements  have 
nevertheless  been  introduced,  by  substituting  turned  cast-iron 
rollers  or  runners  in  place  of  edge  stones,  and  these  revolving 
on  turned  cast-iron  beds  give  greatly  increased  accuracy  to 
the  movements,  and  less  danger  from  sparks  or  small  crystals 
from  the  runners  than  when  composed  of  stone.  As  this  kind 
of  machinery  has  been  renewed  at  Waltham  Abbey,  a  descrip- 
tion of  the  arrangements  and  improvements  introduced  by  Mr. 
Anderson  of  Woolwich,  and  others,  may  not  be  without 
interest. 

Two  entirely  new  establishments  were  constructed  under  the 
direction  of  these  gentlemen  by  Messrs.  W.  Fairbairn  &  Sons 
of  Manchester,  and  Messrs.  B.  Hick  &  Co.  of  Bolton,  the 
former  executing  the  water  wheels,  edge  runners,  hydraulic 
presses,  and  granulating  machines ;  the  latter  a  40-horse  power 
steam  engine  and  six  pairs  of  edge  runners. 

In  the  construction  of  powder  mills,  it  is  a  question  of  much 

*  In  the  year  1839  the  author  visited  Constantinople,  at  the  request  of  Sultan 
Mahmoud,  for  the  purpose  of  inspecting  and  reporting  upon  the  then  existing 
state  of  the  founderies,  fire-arms  manufactory,  powder  mills,  Sec.;  and  during 
this  investigation  he  found  the  powder  mills  driven  by  relays  of  horses,  working 
in  the  interior  of  large  wooden  wheels,  the  same  as  a  dog-spit.  About  the  same 
time  steam  engines  were  introduced  for  working  the  machinery  at  a  distance  by 
compressed  air.  The  engine,  boilers,  air  cylinder,  Arc.  were  in  this  case  at  a 
distance  of  2(K)  yards  from  the  machinery,  in  order  to  prevent  accident.  This 
arrangement  was  subsequently  changed,  as  it  was  found  that  more  than  one-half 
the  power  of  the  engine  was  lost,  by  friction,  in  forcing  the  air  through  the 
pipes,  and  working  it  over  again  into  cylinders  giving  motion  to  the  machinery 
at  that  distance  from  the  motive  power. 
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importance  to  have  the  grind- 
ing and  other  processes  separate 
from  each  other,  that  in  case  of 
explosion  in  any  one  department 
it  should  not  communicate  to  the 
others.  This  precaution  has  been 
considered  essential  in  every 
well -regulated  powder  mill ;  and, 
to  attain  that  object,  most  estab- 
lishments have  their  mills  at  100 
to  150  yards  distant  from  each 
other.  Where  this  arrangement 
is  found  iuconvenient,  and  the 
mills  have  to  be  nearer  together, 
they  are  then  separated  by  butts 
or  mounds  of  earth,  at  a  consi- 
derable height,  and  tapering  at 
the  top  like  the  roof  of  a  house. 
The  more  recent  erections  are, 
however,  different  since  the  in- 
troduction of  the  cast-iron  run- 
ners, as  may  be  seen  by  the 
preceding  arrangement  (fig. 
320),  where  the  mill  is  driven  by 
a  water  wheel* 

On  this  plan  it  will  be  ob- 
served that  the  water  wheel  is 
14  feet  diameter,  12  feet  wide 
inside  the  buckets,  with  segments 
on  the  shrouds,  giving  motion  to 
two  pairs  of  runners  on  each 
side  of  the  water  wheel.  Each 
pair  of  runners  is  in  a  separate 
house,  covered  with  a  light  iron 
roof,  and  partitioned  from  each 
other  by  a  thick  wall,  intended 
in  case  of  explosion  to  save  the 
adjoining  mill.  How  far  this 
arrangement  will  answer  the 
purpose  has  not  been  deter- 
mined, as  no  explosion  has  taken 
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place  since  the  mills  were  finished,  and  there  is  therefore  no 
proof  of  the  amount  of  security  afforded,  nor  of  the  direction 
of  the  explosion,  which,  it  is  expected,  would  be  vertical 
through  the  roof.  It  will  be  observed  that  the  water  wheel 
gives  motion  to  a  line  of  shafts  a  and  b  (fig.  320),  one  on  each 
side  of  the  water  wheel  placed  in  an  underground  tunnel,  and 
by  the  bevel  wheels  c,  d,  gives  motion  to  the  vertical  spindle 
which  passes  through  a  tight  brass  stuffing  box  (see  also  fig. 
321)  in  the  large  bed  plates  e  e,  and  gives  motion  to  the 
edge  runners  above;  the  spindle  in  this  case  being  steadied 
by  the  conical  standard  h,  into  which  is  inserted  a  brass  bush 
for  that  purpose.  The  pinion  on  the  tunnel  shaft  is  bored  and 
keyed  upon  the  sliding  clutch  g,  which  works  by  friction  on  the 


Pig.  321. 


Scale  foot. 


principle  described  at  page  372  of  this  work.  All  the  wheels  in 
these  mills  have  wood  and  iron  teeth,  as  iron  working  into  iron 
is  always  attended  with  danger,  where  they  are  liable  to  come 
in  contact  with  particles  of  powder.  The  bed  plates  on  which 
the  runners  revolve  rest  upon  the  side  walls  of  the  tunnel,  and 
the  apparatus  for  starting  and  stopping  the  runners  (which 
consists  of  a  worm  wheel  and  crank)  is  worked  by  a  wheel 
and  handle  from  the  outside. 

In  order  to  illustrate  more  in  detail  the  method  of  construct- 
ing the  mixing  mill,  and  the  connection  between  the  vertical  shaft 
and  the  runners,  fig.  321  has  been  introduced,  e  is  the  bed  plate 
which  is  grooved  out  to  admit  the  conical  standard  H.  The 
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inclined  side  r  is  bolted  to  the  bed  plate  e,  which  contains  the 
brass  bush  a.  The  standard  is  bolted  to  the  bed  plate  with 
countersunk  headed  bolts,  and  a  brass  bush,  c,  is  firmly  inserted 
in  its  upper  extremity  to  steady  the  vertical  spindle.  A  box,  &, 
planed  in  the  inside  and  keyed  on  to  the  vertical  spindle,  in 
which  another  square  brass  box  is  allowed  freely  to  slide,  forms 
the  connection  between  the  spindle  through  the  runner  and  the 
vertical  shaft.  A  brass  bush,  g,  is  driven  into  the  runner,  which 
is  prevented  from  sliding  off  the  spindle  by  a  collar  through 
which  a  split  pin  is  driven.  A  brass  cap,/,  bolted  to  the  collar 
of  the  brass  bush,  completes  the  mill.  The  object  of  this  cap 
is  to  prevent  any  grease  from  falling  into  the  powder. 

The  water  wheel  is  on  the  ventilated  principle,  applicable  to 
a  variable  fall,  which  does  not  exceed  3  feet  in  low  ebbs ;  at 
other  times,  when  the  river  is  flooded,  there  is  a  large  supply  of 
water  and  a  considerable  increase  of  head.  The  runners  are 
regulated  by  the  governor  I,  which,  acting  upon  the  wonn 
wheels  K,  L,  communicates  motion  to  the  shuttle,  which  moves 
upon  the  back  surface  of  the  cast-iron  breast,  and  increases  or 
diminishes  the  supply  to  the  wheel,  as  may  be  necessary  to 
maintain  a  steady  uniform  motion  in  the  machines.  It  will  be 
observed  that  the  iron  runners  are  not  equidistant  from  the 
vertical  spindle  which  carries  them  round  on  the  surface  of  the 
bed  plate.  This  is  for  the  purpose  of  grinding  the  ridges  which 
are  thrown  up  by  the  outer  edge  of  the  central  runner,  ami 
with  the  aid  of  scrapers  the  powder  is  brought  immediately 
under  the  runners,  the  more  effectually  to  incorporate  the 
mixture  of  the  ingredients.  During  the  grinding,  the  powder 
is  kept  moist  by  a  little  water  at  proper  intervals,  to  make  the 
particles  adhere  together  and  form  the  mass  into  a  sort  of 
paste. 

Another  water  wheel  is  employed  to  give  motion  to  the 
hydraulic  presses,  crushing,  sifting,  and  granulating  machines; 
and  these  operations  are  carried  on  by  a  series  of  machines, 
adapted  to  the  different  kinds  of  powder  which  the  Government 
requires  for  small  arms  and  cannon.  Other  methods,  besides 
those  of  edge  stones  or  cast-iron  runners,  have  been  called  into 
use  for  effecting  the  thorough  incorporation  of  the  ingredients 
for  the  production  of  good  gunpowder,  but  none  of  them  have 
been  found  to  answer  so  well  as  the  cast-iron  runners  or  edge 
stones ;  the  only  objection  to  the  edge  stones  being  their  liabi- 
lity to  strike  fire. 
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Previous  to  the  grinding  and  mixing  process  under  the 
runners,  the  ingredients  have  to  be  pulverised,  which  is  accom- 
plished by  means  of  a  number  of  revolving  drums  and  balls . 
The  pulverised  materials  require  to  be  sifted  in  cylinders  in 
order  to  be  properly  mixed ;  and  this  completes  the  preparatory 
processes,  and  renders  the  compound  ready  for  grinding. 

The  subsequent  processes  as  described  by  Dr.  Ure  are  as 
follow : 

*  The  cake  produced  by  the  action  of  the  stones  is  ready  for 
graining  or  corning.  For  this  purpose  the  cake  is  subjected  to 
powerful  pressure  by  means  of  an  hydraulic  press.  The  mass  is 
then  broken  up  aud  transferred  to  a  species  of  sieve  or  skin  or 
metal  pierced  with  holes.  A  wooden  flail  is  placed  on  the 
fragments,  and  the  sieves  are  violently  agitated  by  machinery. 
By  this  means  the  grains  and  dust  produced  by  the  operation 
fall  through  the  holes  in  the  skin  or  metal  discs,  and  are  after- 
wards separated  by  sifting.  Sometimes  the  machinery  is  so 
arranged  that  the  graining  and  separation  of  the  meal  powder 
is  effected  at  one  operation.  The  meal  powder  is  re- worked,  so 
as  to  convert  it  into  grains.  The  next  operation  to  which  the 
powder  is  subjected  is  glazing.  Its  object  is  to  render  it  less 
liable  to  injury  by  absorption  of  moisture  or  disintegration 
during  its  carriage  from  place  to  place.  The  glazing  is  effected 
by  causing  the  grained  powder  to  rotate  for  some  time  in  a 
wooden  drum  or  cylinder,  containing  rods  of  wood  running 
from  end  to  end.  The  grains,  as  they  rub  against  each  other 
and  against  the  wooden  ribs,  have  their  angles  and  asperities 
rubbed  off,  and  at  the  same  time  the  surface  becomes  harder 
and  polished.  It  is  finally  dried  by  exposure  to  a  stream  of  air, 
heated  by  means  of  steam.' 

The  following  table  shows  the  composition  of  the  various 
gunpowders  in  use  amongst  the  different  nations  of  Europe  and 
America : 
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Table  of  the  Composition*  op  various  Gunpowders. 


»» 

n 


English  war  powder 

„      sporting  powder 
French  war  powder  .... 
sporting  powder  . 
blasting  „ 

„     (another  kind) 
United  States  war  powder 
Prussian  war  powder 
Russian     „       „  ... 
Austrian  „  ... 

Spanish  „  „  ... 
Swedish  „  „  ... 
Chinese    „  ... 


Nitre 

1 

Sulphur 

• 

ChaiW 

IKJ  V 

1  K-rt 

770 

9-0 

JV- 

750 

125 

125 

769 

9-6 

135 

620 

200 

18-0 

65-0 

200 

16-0 

750 

125 

12  5 

750 

11-5 

13  5 

738 

12  G 

136  . 

750 

100 

15-0 

76-5 

12  7 

10-8 

750 

160 

90 

75-7 

144 

99 

It  will  be  seen  from  the  above  that  the  different  nations  do 
not  materially  differ  in  the  proportions  at  which  they  have 
arrived  by  experience.  They  approximate  nearly  to  each  other, 
and  the  differences  which  exist  may  be  accounted  for  by  the 
superior  or  diminished  purity  of  the  substances  of  which  they 
are  composed.  We  regret  to  remark  that  the  limits  of  our 
treatise  preclude  us  from  taking  advantage  of  the  drawings  of 
the  granulating  machines,  presses,  &c,  in  our  possession. 

For  the  speed  of  the  runners,  and  of  the  shafting  and  governor 
gear,  we  beg  to  refer  the  reader  to  the  annexed  list  of  wheels 
and  speeds  which  enter  into  this  description  of  powder  mills : 

List  of  Wheels  and  Speeds. 


Description  of 
gearing 

Driver 

Driven 

Result— 
revolutions  per  minute 

Diameter 

Revolution 

Diameter 

Water  wheel  . 
Segments  G' 
Bevel  wheel  C  . 

ft.  in. 
14  0 

12  9 

2  3 

6-68 
2420 

ft.  in. 
3  6$ 

5  H 

6  68  revolutions  per  minute, 
equal  to  4  89  ft.  per  second. 

84-2  revolutions  of  main  ho- 
rizontal shaft. 

10  revolutions  of  runner. 

Governor  Gear. 

Pulley  h  . 
j  Worm  wheel  K  . 
1  Worm  wheel  L  . 

1  9 
0  4 

0  5 

24  20 
3600 
1  79 

1  2 
0  8* 

2  0 

36  revolutions  of  governors. 
1-79       „       vertical  shaft. 
0031      „       rack  shaft. 

It  might  have  been  interesting  to  have  noticed  in  this  place 
a  new  process  of  manufacture  which  to  some  extent  is  supersed- 


Digitized  by  Google 


GUN  COTTON.  536 

ing  the  use  of  gunpowder,  and  that  is  gun  cotton,  first  invented 
by  Professor  Sclionbein,  and  now  greatly  improved  by  General 
von  Linz  and  the  Austrian  Government ;  but  as  that  manu- 
facture is  now  under  the  consideration  of  the  authorities  at 
Woolwich,  and  as  experiments  are  instituted  for  the  purpose  of 
analysing  its  constituents,  and  testing  its  powers  as  compared 
with  our  best  qualities  of  gunpowder,  it  would  be  premature 
in  this  stage  of  investigation  to  venture  an  opinion  upon  its 
comparative  merits  as  a  substitute  for  the  present  compounds. 
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CHAPTER  X. 

IRON  MILLS. 

The  mechanical  operations  connected  with  the  manufacture  of 
wrought  iron  consists  of  shingling,  hammering,  rolling,  &c. ;  to 
which  we  may  add  the  forging  of  *  uses ; '  that  is,  the  forging  of 
those  peculiar  forms  which  constitute  the  frames  and  parts  of 
steam  engines,  iron  ships,  railway  carriages,  locomotives,  &cM 
required  in  those  important  constructions. 

In  tracing  the  whole  of  the  processes  in  the  manufacture  of 
wrought-iron  bars  and  plates,  it  will  not  be  necessary  to  dwell 
on  those  practices  which  have  been  superseded  by  more  modern 
and  improved  machinery.  Suffice  it  to  observe,  that  the  puddled 
balls  have  to  be  fashioned  into  oblong  slabs  or  blooms  by  the 
blows  of  a  heavy  forge  hammer.  During  this  operation,  the 
scoria  and  impurities  contained  in  the  balls  are  separated  from 
them  in  the  shape  of  scoria  by  the  force  of  impact,  and  by  a 
continued  series  of  blows  the  iron  is  rendered  malleable,  dense, 
and  compact.  The  slabs  are  then  passed  through  a  series  of 
grooved  iron  rollers,  which  reduce  them  to  the  form  called 
puddle  bars.  These  are  again  cut  up  and  piled  regularly 
together,  or  faggoted,  and  brought  to  a  welding  heat  in  the 
reverberatory  furnace,  when  they  are  a  second  time  passed 
several  times  through  grooved  rollers,  and  by  this  latter  process 
are  made  into  bars  or  rails  ready  for  the  shears.  In  the  manu- 
facture of  plates,  the  same  process  of  heating  and  piling  is 
observed ;  with  this  difference,  that  the  pile  at  a  welding  heat 
is  passed  through  plain  surface  rolls  until  the  required  thickness 
and  dimensions  are  attained. 

In  order  to  arrive  at  a  clear  conception  of  the  mechanical 
operations  employed  in  the  manufacture  of  iron,*  it  will  be 
necessary  to  describe  more  at  length  the  processes  as  at  present 

•  For  further  description  of  the  different  processes,  see  the  author's  work  on 
Iron  Manufacture,  second  edition,  1865. 
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practised,  with  the  improved  and  powerful  machinery  now 
employed ;  and,  as  much  depends  upon  the  application  of  the 


motive  power,  the  steam  engine  claims  the  first  notice.  Until 
of  late  years  the  vertical  steam  engine  was  invariably  used  for 
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giving  motion  to  the  forge  hammer  and  rolling  mill,  which 
were  placed  on  one  side  of  the  fly  wheel,  and  the  hammer  on 
the  other;  but  the  high-pressure  non-condensing  engine  is 
found  to  be  decidedly  preferable,  as  the  waste  heat  passing  from 
the  puddling  and  heating  furnaces  is  quite  sufficient  to  raise 
the  steam  for  working  the  rolls  and  one  of  Brown's  bloom 
squeezers,  as  shown  in  the  preceding  drawing. 

In  this  arrangement,  the  cylinder  a  (fig.  322)  is  placed 
horizontally,  and  is  supplied  with  steam  from  boilers  near  the 
puddling  furnaces.  The  piston  rod  and  slides  b,  and  connecting 
rod  c,  give  motion  to  the  crank  shaft  D,  on  which  is  fixed  a 
heavy  fly  .wheel  e.  The  pudding  rollers  f  p  are  driven  direct 
from  the  end  of  the  fly-wheel  shaft,  being  attached  to  it  by  a 
disengaging  coupling  c' ;  the  bloom  squeezer  H  is  driven  by  a 
train  of  spur  wheels  g  g.  Under  the  lower  rolls  of  the  squeezers, 
a  Jacob's  ladder  or  elevator,  I,  is  fixed,  for  raising  the  block, 
which,  deprived  of  its  impurities,  is  reduced  to  an  oblong  shape 
by  passing  between  the  rollers  of  the  squeezers.  The  block  on 
leaving  the  rollers  is  carried  in  front  of  one  of  the  projecting 
divisions  of  the  ladder  i,  and  thrown  on  to  the  platform  in  front 
of  the  rollers  p  p ;  the  workman  then  seizes  it  with  a  pair  of 
tongs,  and  forces  it  into  the  largest  groove  in  the  rolls ;  it  is 
then  passed  in  succession  through  the  other  grooves  till  it 
attains  the  required  form  of  the  bar.  This  squeezer  process  is 
substituted  for  the  old  method  of  preparing  and  shingling  the 
puddle  balls,  still  much  practised  from  its  simplicity  in  reducing 
them  to  shape  by  a  heavy  hammer  called  the  forge  hammer  or 
helve,  shown  in  fig.  323.  It  consists  of  a  heavy  mass  of  iron,  a, 


Fig.  323. 


resting  on  a  pivot  at  one  end,  and  lifted  by  projecting  cams  on 
a  revolving  wheel,  b,  at  the  other :  between  these  points,  and 
nearer  the  front,  is  the  anvil  on  which  the  puddler's  ball  is 
thrown  to  receive  a  rapid  succession  of  strokes,  which  force  out 
the  impurities,  and  reduce  it  to  a  form  suitable  for  insertion 
between  the  rolls. 
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Other  squeezers  have  also  been  used  for  the  same  purpose, 
one  of  them  consisting  of  two  massive  jaws  worked  by  a  lever 
and  crank,  between  which  the  ball  is  moulded  by  severe  pres- 
sure to  the  necessary  form.  The  squeezer  is,  however,  alleged 
to  have  the  effect  of  lapping  up  cinder  in  the  iron  to  a  greater 
extent  than  in  the  case  of  the  forge  hammer.  This  instrument 
is  sometimes  called  the  alligator,  from  its  resemblance  to  the 
mouth  of  that  animal ;  and  it  will  be  observed  that  the  puddle 
ball  is  reduced  in  size  by  being  rolled  by  the  puddler  to  the  back 
part  of  the  jaws,  where  the  leverage  is  more  powerful  as  its 
diameter  decreases. 

One  of  the  most  perfect  machines  of  this  class  is  Brown's 
bloom  squeezer,  already  referred  to.  The  heated  ball  of  puddled 
iron,  k,  thrown  on  the  top  of  the  machine,  is  gradually  com- 
pressed between  the  revolving  rollers  as  it  descends,  and  at  last 
emerges  at  the  bottom,  where  it  is  thrown  on  to  the  movable 
'Jacob's  ladder'  i  (fig.  322),  by  which  it  is  elevated  and  dis- 
charged in  front  of  the  tools,  as  already  described.  This 
machine  effects  a  considerable  saving  of  time ;  it  will  do  the 
work  of  twelve  or  fourteen  furnaces,  and  may  be  kept  constantly 
going  as  a  feeder  to  one  or  two  pairs  of  rollers. 

There  are  two  distinct  forms  of  this  machine :  one  in  which 
the  bloom  receives  only  two  compressions ;  and  the  other, 
which  is  much  more  effective,  where  it  is  squeezed  four  times 
before  it  leaves  the  rolls  and  falls  upon  the  Jacob's  ladder. 

There  is  another  machine  for  preparing  the  blooms  by  com- 
pression, namely,  a  table  firmly  em- 
bedded in  masonry,  as  shown  at  a  a  s 
(fig.  324),  with  a  ledge  rising  up  from 
it  to  a  height  of  about  2  feet,  so  as 
to  form  an  open  box.    Within  this  is 
a  revolving  box,  c,  of  a  similar  cha- 
racter, much  smaller  than  the  last,  and 
placed  eccentrically  in  regard  to  it.  The 
ball  or  bloom  d  is  placed  between  the 
innermost  revolving  box  c  and  the  outer 
case  a  a,  where  the  space  between  them 
is  greatest,  and  is  carried  round  till  it  emerges  at  e,  compressed 
and  fit  for  the  rolls. 

The  bloom,  after  leaving  the  hammer  or  squeezer,  is  at  once 
olaced  in  the  rolling  mill  (fig.  325).    This  consists  of  massive 
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grooved  rollers  connected  by  toothed  pinions,  and  put  in  motion 
by  the  steam  engine.  The  rollers  are  fixed  in  massive  framing, 
which  has  to  support  a  prodigious  strain,  as  the  bloom  is  drawn 
in,  and  compressed  and  elongated  as  it  passes  through.  The 
bar  so  formed  is  passed  through  a  succession  of  similar  grooves, 
decreasing  in  size  till  it  is  reduced  to  about  4  inches  wide, 
three-quarters  to  an  inch  thick,  and  10  or  12  feet  in  length. 
In  this  state  it  is  cut  to  pieces,  piled,  heated,  &c,  as  already 
described,  and  a  second  time  rolled.  The  bars  produced  by 
this  second  process  are  called  merchant  bars;  or  the  bloom 
may  be  rolled  into  plates.  Again,  instead  of  being  rolled,  it 
may  be  brought  under  the  steam  hammer  and  forged  into  uses, 
or  those  variously  shaped  masses  of  wrought  iron  which  are 


Fig.  325. 


employed  by  the  engineer,  millwright,  or  iron  ship  builder, 
where  these  uses  are  extensively  employed.  We  have  stated 
that  the  horizontal,  non-condensing  steam  engine,  from  its 
compact  form  and  convenience  of  handling,  is  admirably 
adapted  for  giving  motion  to  the  machinery  of  iron  works. 
For  this  object  it  is  superior  to  the  beam  engine,  as  its  speed 
can  be  regulated  with  the  same  facility  as  the  condensing  engine 
by  simply  moving  the  lever  of  the  steam  valve,  so  as  to  suit  ail 
the  requirements  of  the  manufacturer,  under  the  varied  condi- 
tions of  pressure,  and  the  power  required  for  rolling  heavy 
plates  or  bars.  It  is  also  much  cheaper  in  its  original  cost, 
and,  all  its  parts  being  fixed  upon  a  large  bed  plate,  requires  a 
comparatively  small  amount  of  masonry  to  render  it  solid  and 
secure. 

In  regard  to  the  manufacture  of  the  rollers  for  the  boiler 
plate,  and  merchant  train,  the  greatest  care  must  be  observed 
in  the  selection  of  the  iron  and  the  mode  of  casting.  In  Staf- 
fordshire there  are  roller  makers,  but  in  general  the  manu- 
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facturer  casts  his  own  ;  and,  as  much  depends  upon  the  metal, 
the  strongest  qualities  are  carefully  selected  and  mixed  with 
Welsh  No.  1  or  No.  2,  and  Staffordshire  No.  2.    This  latter 
description  of  iron,  when  duly  prepared,  exhibits  great  tenacity, 
and  is  well  adapted,  in  either  the  first  or  second  melting,  for 
such  a  purpose.    In  casting,  the  moulds  are  prepared  in  loam, 
and  when  dry  are  sunk  vertically  into  the  pit  to  a  depth  of 
about  5  feet  below  the  floor.    The  moulding  box  is  surrounded 
by  sand  firmly  consolidated  by  beaters,  and  a  second  mould  or 
head  is  placed  above  it,  which  receives  an  additional  quantity 
of  iron  to  supply  the  space  left  by  shrinking,  and  retain  the 
roll  under  pressure  until  it  solidifies,  and  thus  secures  a  great 
uniformity  and  density  in  the  roller.   The  metal  is  run  into  the 
mould  direct  from  the  air  furnace  by  channels  cut  in  the  sand ; 
and  immediately  the  mould  is  filled,  the  workman  agitates  the 
metal  with  a  rod,  in  order  to  consolidate  the  mass  and  get  rid 
of  any  air  or  gas  which  may  be  confined  in  the  metal.  This 
stirring  with  iron  rods  is  continued  till  the  metal  cools  to  a 
semi-fluid  state,  when  it  is  covered  up  and  allowed  slowly  to 
cool  and  crystallise.    This  slow  rate  of  cooling  is  necessary  to 
favour  a  uniform  degree  of  contraction,  as  the  exterior  closes 
up  like  a  series  of  hoops  round  the  core  of  the  casting,  which  is 
always  the  most  porous  and  the  last  to  cool.    In  every  casting 
of  this  kind,  it  is  essential  to  avoid  unequal  contraction ;  and 
this  cannot  be  accomplished  unless  time  is  given  for  the 
arrangement  of  the  particles  by  a  slow  process  of  crystallisation. 
Rollers  for  boiler  plates  and  thin  sheet  iron  are  difficult  to  cast 
sound,  on  account  of  their  large  size.    They  are  subjected  to 
very  great  strain,  and  require  to  be  cast  from  the  most  tenacious 
metals.    The  bearings  or  neck  should  be  enlarged,  or  turned 
to  the  shape  shown  at  a  a,  and  the  cylindrical  part  b  for  plate 
rolls  should  be  slightly  concave,  because, 
when  the  slab  is  first  passed  through  the 
rollers,  it  comes  in  contact  with  a  small 
portion  only  of  the  revolving  surface.  The 
central  parts  of  the  roller  thus  become 
highly  heated,  whilst  their  extremities  are  perfectly  cool.  The 
consequence  is,  that  the  expansion  of  the  roller  is  greatest  in 
the  middle ;  and  unless  this  be  provided  for  by  a  concavity  in 
the  barrel,  the  plates  become  buckled — that  is,  both  warped 
and  uneven  in  thickness,  and,  consequently,  imperfect  and 
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unfit  for  the  purposes  of  boiler  making.  Bar  rolls  are  generally 
cast  in  chill ;  and  great  care  is  required  to  prevent  the  chill 
penetrating  too  deep,  so  as  to  injure  the  tenacity  of  the  metal 
and  render  it  brittle. 

There  are  different  kinds  of  roiling  mills  used  in  the  iron 
manufacture,  and  they  vary  considerably  in  their  dimensions, 
according  to  the  work  they  have  to  perform.  The  first,  through 
which  the  puddled  iron  is  passed,  we  have  already  described  as 
puddling  rolls.  There  are  others  for  roughing  down,  which 
vary  from  4  to  5  feet  long,  and  are  about  18  inches  diameter; 
those  for  merchant  bars,  about  2  feet  6  inches  to  3  feet  long, 
and  18  inches  in  diameter,  are  in  constant  use.  The  boiler 
plate  aud  black  sheet-iron  rolls  are  generally  of  large  dimen- 
sions ;  some  of  them  for  large  plates  are  upwards  of  6  feet 
long  and  18  to  21  inches  in  diameter;  these  require  a  powerful 
engine  and  the  momentum  of  a  large  fly  wheel  to  carry  the 
plates  through  the  rollers;  and  not  unfrequently,  when  thin 
wide  plates  have  to  be  rolled,  the  two  combined  prove  unequal 
to  the  task — and  the  result  is,  the  plates  cool  and  stick  fast  in 
the  middle.  The  greatest  care  is  necessary  in  rolling  plates 
of  this  kind,  as  any  neglect  of  the  speed  of  the  engine  or  the 
setting  of  the  rolls  results  in  the  breakage  of  the  latter,  or 
bringing  the  former  to  a  complete  stand. 

The  speed  of  the  different  kinds  of  rolling  mills  varies 
according  to  the  work  they  have  to  perform.  Those  for  mer- 
chant bars  make  from  60  to  70  revolutions  a  minute,  whilst 
those  of  large  size,  for  boiler  plates,  are  reduced  to  28  or  30. 
Others,  such  as  the  finishing  and  guide  rollers,  run  at  from  120 
to  400  revolutions  a  minute.  In  Staffordshire,  where  some  of 
the  finer  kinds  of  iron  are  prepared  for  the  manufacture  of 
wire,  the  rollers  are  generally  made  of  cast  steel,  and  run  at 
a  high  velocity.  Such  is  the  ductility  of  this  description  of 
iron,  that  in  passing  through  a  succession  of  rollers,  it  will 
have  elongated  to  ten  or  fifteen  times  its  original  length,  and 
when  completely  finished,  will  have  assumed  the  form  of  a 
strong  wire  of  %  to  ±  of  an  inch  in  diameter,  and  40  to  50  feet 
in  length. 

A  high  temperature  is  an  indispensable  condition  of  success 
in  rolling.  The  experience  of  the  workman  enables  him  to 
judge,  from  the  appearance  of  the  furnace,  when  the  pile  is  at 
a  welding  heat,  so  that,  when  compressed  in  the  rolls,  the 
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particles  will  unite.  Sometimes  it  is  necessary  to  give  a  fine 
polish  or  skin  to  the  iron  as  it  leaves  the  rolls ;  but  this  can 
only  be  done  when  the  iron  cools  down  to  a  dark  red  colour, 
and  by  the  practised  eye  of  an  intelligent  workman. 

Another  description  of  rolling  for  giving  a  fine  skin  or  polish 
to  the  iron  is  to  roll  it  cold ;  and  this  process  not  only  adds  to 
its  appearance,  but  it  increases  its  tenacity,  and  renders  it 
suitable  for  many  purposes,  such  as  slender  shafts  where  stiff- 
ness is  required. 

Before  closing  this  description  of  the  manufacture  of  iron 
as  relates  to  the  rolling  mill,  the  whole  process  would  be  in- 
complete if  the  new  appliance  for  rolling  of  large  masses  into 
enormous  plates  were  omitted.  The  casing  of  ships  of  war 
with  enormously  large  and  thick  plates  is  a  new  discovery  in 
the  art  of  war,  and  its  appliance,  not  only  to  ships,  but  forts 
and  citadels,  presents  an  entirely  new  era  in  tbe  history  of 
naval  and  military  tactics.  To  what  extent  its  future  develop- 
ment may  attain,  time  alone  can  determine;  but  of  this  it  is 
quite  evident,  that  a  change  of  construction  and  a  new  system 
of  operations  in  the  laws  of  defence  and  attack  are  imminent. 
We  have,  therefore,  to  prepare  new  mills  and  new  manufactories 
upon  a  scale  commensurate  with  the  wants  and  requirements 
of  the  changes  now  in  progress.  To  what  extent  the  present 
transition  may  be  carried  is  unknown,  as  everything  depends 
on  future  developments  in  the  manufacture  of  guns  and  the 
antagonistic  force  of  iron  in  its  powers  of  resistance  to  the 
increased  power  of  projectiles  at  high  velocities.  But,  however 
this  may  be,  the  enterprise,  power,  and  energy  of  the  British 
manufacturers,  as  instanced  in  the  works  of  Beale  &  Brown, 
are  fully  able  to  meet  the  emergency,  and  to  roll  plates  of  any 
dimensions  required  for  the  purpose  of  defence. 

As  an  example  of  this  determined  spirit  we  may  notice  a 
series  of  experiments  which  took  place  in  presence  of  the  Lords 
of  the  Admiralty,  at  Messrs.  John  Brown  &  Co.'s  works, 
Sheffield,  in  April  1863.  For  some  time  previous  both  Messrs. 
Beale  &  Brown  had  been  making  preparations  for  the  rolling 
of  these  plates ;  and  in  order  to  put  the  reader  in  possession  of 
the  experiments  at  Messrs.  Brown's  works,  we  have  given  in 
Appendix  IV.  a  graphic  description  of  the  whole  process,  as 
taken  from  the  correspondent  of  the  *  Times,'  who  was  present 
on  the  occasion. 
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APPENDIX  II. 

A  new  system  of  frictional  gearing  for  the  transmission  of  power  has 
recently  been  introduced  by  Mr.  James  Kobertson,  of  Glasgow,  which 
from  its  novelty  and  application  to  the  purposes  of  the  millwright  is 
deservedly  entitled  to  notice.  Mr.  Robertson's  system  consists  of  a  series 
of  wheels  or  pulleys  with  smooth  surfaces  rolling  on  each  other  by  fric- 
tional contact.  The  peripheries  are  formed  into  concentric  wedge-shaped 
surfaces,  one  having  projectional  knife-formed  edges,  and  the  other  a 
V-shaped  groove  in  which  the  former  rolls.  On  this  principle  the  teeth  of 
the  wheels  are  entirely  dispensed  with,  and  the  driving  wheel  gives 
motion  to  that  driven  by  the  simple  adhesion  of  the  two  surfaces.  The 
projecting  surfaces  of  the  wheels  are  generally  formed  or  turned  to  an 
angle  of  40°,  which,  running  in  the  corresponding  grooves  of  other  wheels 
— also  formed  to  the  same  angle — produces  lateral  contact  and  greatly 
increases  the  adhesive  force  when  acted  upon  by  the  same  amount  of  pres- 
sure as  that  given  to  flat  surfaces. 

This  principle  of  gearing  embodies  all  the  forms  given  to  spur  and 
bevel  gear.  It  is  as  equally  applicable  to  internal  as  to  external  gear, 
and  it  may  be  applied  in  a  variety  of  forms  to  coupling  shafts,  sliding 
clutches,  &c,  for  the  disengaging  of  machinery.  In  illustration  of  this 
principle  we  have  selected  forms  and  figures  which  show  veiy  distinctly 
the  mode  in  which  Mr.  Kobertson  brings  the  peripheries  of  his  wheels  in 
contact,  and  the  system  adopted  for  the  transmission  of  power. 

Figs.  1  and  2  are  a  side  and  front  elevation  of  a  pair  of  spur  wheels 
in  gear,  showing  the  wheels  in  contact  at  the  points  cr,  a,  in  their  respective 
grooves. 

Fig.  3  is  a  pair  of  bevel  wheels  also  in  gear,  showing  their  general 
forms  and  proportions  with  the  grooved  bearing  on  the  shaft  e  f  to  keep 
them  in  gear  and  relieve  the  thrust  on  the  rim. 

Fig.  4  is  an  enlarged  sectional  drawing  of  the  acting  surfaces  of  a  pair 
of  spur  wheels,  and  fig.  5  an  enlarged  sectional  view  of  the  rims  of  a  pair 
of  bevel  wheels,  both  formed  at  the  angle  of  40°,  there  being  no  difference 
in  Mr.  Robertson's  practice  in  the  form  of  bevel-wheel  surfaces  from  that 
of  spur  wheels. 

With  the  surfaces  thus  formed,  and  after  being  wrought  fox  some  time 
together,  and  thoroughly  cleaned  and  fitted,  the  bite  or  hold  of  the  surfaces 
is  fully  l£  times  the  force  exerted  in  holding  them  in  contact;  and  in 
practice,  where  the  wheels  are  not  less  than  2  feet  diameter,  a  pressure 
equivalent  to  the  power  required  to  be  transmitted  is  all  that  is  wanted  to 
retain  the  wheels  in  contact  and  to  secure  the  necessary  adhesion  without 
slipping. 

K  N  2 
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Mr.  Robertson  states  that  a  pressure  of  1$  tons  is  sufficient  to  transmit 
100  indicated  horse  power  with  wheels  working  at  a  speed  of  1,000  cir- 
cumferential feet  per  minute.  The  pressure  upon  the  bearings  may  be 
obtained  from  simple  formula?  calculated  to  meet  the  irregularities  oi 


Fig.  J. 


Fig.  2. 


Fig.  3. 


 f 


resistance  and  maintain  the  adhesion  of  the  surfaces  in  the  ratio  ol  the 
applied  force  and  the  resistance  respectively  to  be  overcome.  The  pitch 
or  width  of  groove  is  proportioned  to  the  diameters  of  the  wheels  and 
tjie  work  to  be  done — ranging  from  £  an  inch  to  2^  inches — and  the 


1 


Fig.  4. 
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breadth  of  rim  generally  employed  for  transmitting  a  given  amount  of 
power  is  slightly  greater  than  that  of  ordinary  cog  wheels. 

In  practice,  however,  it  has  been  found  difficult  to  establish  any  re- 
liable formulae  for  transmitting  a  given  amount  of  power  on  the  principle 
of  cog  wheels ;  but  we  may  safely  infer  that  this  will  shortly  be  accom- 
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plished  when  the  frictional  principle  is  more  extended,  and  when  more 
reliable  data  are  obtained  for  that  purpose. 

The  durability  of  frictional  wheels  depends  as  much  on  the  quality  or 

Fig.  5. 


hardness  of  the  metal  used  as  on  the  breadth  of  surface,  and  for  small 
diameters  a  description  of  hard  cast  iron  is  used  which  is  unsuitable  for 
casting  wheels  of  large  dimensions.    At  slow  speeds,  where  the  pressure 


to  maintain  the  driving  contact  is  necessarily  greater  than  at  high  speeds, 
the  pitch  of  the  groove  and  the  strength  of  the  rim  are  proportionately 
increased ;  but  the  necea«ary  breadth  of  surface  for  transmitting  a  given 
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amount  of  power  docs  not  depend  on  the  enlarged  surface  of  adhesion  to 
produce  certain  effects,  a3  high  speeds  and  light  pressure  appear  from 
Mr.  Robertson's  practice  to  be  decidedly  preferable  to  transmit  large  in- 
crements of  work.  In  the  first  of  two  examples  quoted  by  him,  where 
the  power  transmitted  is  300  indicated  horse  power,  the  breadth  of  surface 
is  14  inches  with  a  circumferential  velocity  of  COO  feet  per  minute.  In 
the  second  the  velocity  was  2,000  feet  per  minute  with  a  reduced  surface, 
and  both  appear  to  have  worked  exceedingly  well  * 

Fig.  7. 


We  might  enlarge  at  considerable  length  on  the  application  of  this 
system  applied  to  rolling  mills,  fans,  pumps,  &c,  but  we  prefer  merely  to 
allude  to  the  friction  clutch,  and  leave  Mr.  Robertson  to  speak  for  himself 
as  to  the  merits  of  the  new  system.  The  form  of  clutch  given  in  figs,  fi 
and  7  consists  of  two  discs  placed  on  a  shaft  or  spindle,  having  their  inside 
surfaces  formed  into  concentric  wedges  and  grooves,  and  at  such  relative 
distances  from  the  centre  of  the  shaft  as,  on  their  being  pressed  together. 
to  make  the  concentric  wedges  of  the  one  disc  enter  the  corresponding 
grooves  of  the  other,  and  produce  thereby  a  wedging  contact,  in  principle 

*  The  pressures  on*  the  surfaces  in  these  cases  were  not  given. 
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the  same  as  that  applied  in  wedged  and  grooved  frictional  wheels.  The 
action,  however,  differs  in  so  far  as  the  surfaces  of  these  clutches  do  not 
roll  on  each  other  like  the  surfaces  of  wheels,  but  is  simply  a  method  of 
uniting  one  surface  to  another.  The  drawing  represents  the  form  of 
these  clutches  most  generally  used  and  suited  for  general  clutching  pur- 
poses ;  but  there  are  many  modifications  adapted  to  suit  particular  pur- 
poses, especially  in  relation  to  the  modes  of  throwing  them  in  and  out  of 
contact. 

They  transmit  power  efficiently,  and  connect  and  disconnect  without 
jarring  action,  although  the  shafts  on  which  they  are  placed  are  working 
at  high  speeds.  As  a  very  slight  amount  of  shift  connects  or  disconnects 
them,  the  arrangement  of  fork,  or  connecting  hand-lever  movement, 
effects  the  engaging  and  disengaging  actions  with  quick  action  and  with 
little  effort. 

The  diameter  of  these  clutches  usually  employed  for  transmitting  the 
power  of  any  shaft  is  seven  times  the  diameter  of  the  necks  of  the  shafts 
— that  is,  a  malleable  iron  shaft  2  inches  diameter  requires  a  clutch  14 
inches  diameter  to  be  equal  to  it  in  its  resistance  to  torsion;  and  the 
same  proportion  for  all  other  sizes  is  maintained.  Where  motion  has  to 
be  transmitted  from  one  part  of  a  line  of  shafts  to  another  part,  or  to 
connect  and  disconnect  a  loose  wheel  working  on  the  same  shaft  (which  is 
the  object  of  the  clutch  as  arranged  and  represented  in  figs.  6  and  7),  this 
form  of  clutch  is  the  most  simple  and  efficient.  The  surfaces  of  these 
clutches  are  kept  slightly  lubricated,  but  only  require  oil  at  long  intervals, 
and  merely  to  keep  them  from  becoming  entirely  dry. 

Mr.  Robertson  states  that  the  smoothness  of  action  depends  very  much 
on  the  nature  of  the  foundations  and  bearings  as  well  as  the  position  of  the 
wheels  to  each  other  and  description  of  building  in  which  they  are  placed. 
The  best  positions  for  main  gearing  are  where  the  axes  are  on  one  level, 
placed  in  one  cast-iron  sole  plate  and  on  stone  foundations,  or  placed  in 
cheek  frames  such  as  are  extensively  manufactured  by  the  Patent  Fric- 
tional Gearing  Company  for  circular  saws,  «fcc.  Fitted  up  in  this  way  a 
circumferential  speed  of  about  2,000  feet  per  minute  works  noiselessly, 
but  such  high  speeds  are  not  attainable  in  common  mill  gearing  set  up 
in  wallboxea,  without  risk  of  vibration  and  noise. 

One  of  the  chief  advantages  of  this  system  is  the  facility  it  gives  for 
throwing  the  wheels  in  and  out  of  gear  while  in  motion  without  jarring 
action  or  liability  to  fracture,  thus  serving  in  a  simple  way  at  the  same 
time  the  purposes  of  driving  wheels  and  of  a  disconnecting  and  connect- 
ing clutch.  In  this  way  the  system  has  been  extensively  applied  by 
Mr.  Robertson  to  winding  engines,  hoists  of  all  kinds,  and  similar  pur- 
poses where  disconnecting  gear  is  required.  Among  the  largest  and  best 
examples  of  this  kind  are  the  winding  engines  at  Dunmore  Collieries 
near  Musselburgh;  the  winding  engines  at  the  Washington  Collieries 
near  Newcastle-on-Tyne,  designed  by  Mr.  Easton,  of  Westhouse,  Gates- 
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head ;  and  for  the  main  gearing  of  two  dredgers  employed  for  deepening 
the  River  Tyne,  designed  by  Mr.  J.  F.  Ure,  C.E.,  of  the  River  Tyne 
Commission. 

A  good  deal  has  also  been  done  in  the  application  of  this  system  to 
rolling  mills,  the  small  risk  from  fracture  which  this  gearing  affords  being 
the  chief  reason  of  its  being  employed  for  these  purposes.  The  heaviest  and 
best  examples  may  be  seen  in  the  Charles  Street  Works  of  the  Glasgow 
Iron  Company,  Glasgow,  being  used  there  for  5  trains  of  rolls  varying 
from  16  to  8  inches  diameter. 

The  BAme  principle  of  wedge  surfaces  is  applied  by  Mr,  Robertson  to 
disc  clutches  in  various  forms,  and  makes  a  very  efficient  clutch. 

It  is  evident  that  for  the  success  of  this  system  much  depends  on 
accuracy  of  workmanship,  on  having  the  wheels  truly  hung,  and  having 
the  bearings  well  adapted  for  maintaining  the  driving  contact.  Consider- 
able progress  seems  already  to  have  been  made  in  this  direction,  and  the 
constant  occurrence  of  new  applications  of  this  system  will  no  doutt 
gradually  develop  these  details. 

It  is  stated  further  by  Mr.  Robertson  that  where  the  diameters  of  the 
wheels  ere  moderately  large  there  is  no  greater  loss  of  power  than  by  the 
use  of  cog  wheels,,  and  very  considerably  less  waste  of  power  than  by  the 
use  of  straps. 
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The  following  extracts,  taken  from  a  paper  by  Mr.  Edward  Baines,  M.P., 
on  the  Woollen  Manufacture  of  Leeds,  read  at  the  Meeting  of  the  British 
Association  for  the  Advancement  of  Science  in  1858,  will  be  found 
interesting : 

In  giving  a  description  of  the  different  processes,  Mr.  Baines  states 
'  that  the  processes  of  the  Woollen  Manufacture  are  more  numerous  and 
complex  than  those  of  any  other  of  our  textile  manufactures.  In  one  of 
those  complete  and  beautiful  establishments  where  fine  cloth  is  both 
manufactured  and  finished — as  that  of  Messrs.  Benjamin  Gott  &  Sons  of 
this  town,  which  has  long  ranked  with  the  first  woollen  factories  of  any 
country— the  spectator  who  may  be  admitted  to  it  will  see  all  the  following 
processes,  namely : 

1 1.  Sorting  the  wool ;  no  less  than  ten  different  qualities  being  found 
in  a  single  fleece. 

1  2.  Scouring  it  with  ley  and  hot  water,  to  remove  the  grease  and  dirt. 

*  3.  Washing  it  with  clean  cold  water. 

1  4.  Drying  it;  first  in  an  extractor — a  rapidly  revolving  machine  full 
of  holes — and  next  by  spreading  it  and  exposing  it  to  the  heat  of  steam. 

*  5.  Dyeing,  when  the  cloth  is  to  be  wool  dyed. 

*  6.  Willying,  by  revolving  cylinders  armed  with  teeth,  to  open  the 
matted  locks  and  free  them  from  dust. 

1  7.  Teasing,  with  a  teaser  or  devil,  still  further  to  open  and  clean. 
'  8.  Sprinkling  plentifully  with  olive  oil.  to  facilitate  the  working  of 
the  wool. 

1  9.  Moating,  with  a  moating  machine,  to  take  off  the  moats  or  burs, 
i.e.  seeds  of  plants  or  grasses  which  adhere  to  the  fleece. 

'  10.  Scribbling,  in  a  scribbling  machine,  consisting  of  a  series  of 
cylinders  clothed  with  cards  or  wire  brushes  working  upon  each  other, 
the  effect  of  which  is  still  further  to  disentangle  the  wool  and  draw  out 
the  fibres. 

'11.  Plucking,  in  a  plucking  machine,  more  effectually  to  mix  up  the 
different  qualities  which  may  remain  in  the  wool. 

'  12.  Carding,  in  a  carding  machine,  resembling  the  scribbler,  but  more 
perfectly  opening  the  wool,  spreading  it  of  a  regular  thickness  and  weight, 
reducing  it  to  a  light  filmy  substance,  and  then  bringing  it  out  in  cardings 
or  slivers  about  three  feet  in  length. 

1  13.  Slubbing,  at  a  frame  called  the  billy,  generally  containing  sixty 
spindles,  where  the  cardings  are  joined  to  make  a  continuous  yarn,  drawn 
out,  slightly  twisted,  and  wound  on  bobbins.' 

[By  a  new  machine  called  the  Condenser,  attached  to  the  carding 
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machine,  the  wool  is  brought  off  in  a  continuous  sliver,  wound  on  cylinders, 
and  ready  to  be  conveyed  to  the  mule,  so  as  to  dispense  with  the  billy.] 

4  14.  Spinning  on  the  mule,  which  contains  from  300  to  1,000  spindles 
per  pair. 

4 15.  Reeling  the  yarn  intended  for  the  warp. 

1 16.  Warping  it,  and  putting  it  on  the  beam  for  the  loom. 

*  17.  Sizing  the  warp  with  animal  gelatine,  to  facilitate  the  weaving. 
4 18.  Weaving  at  the  power  loom  or  hand  loom. 

4  19.  Scouring  the  cloth  with  fuller's  earth,  to  remove  the  oil  and  size. 
4  20.  Dyeing,  when  piece  dyed. 

4  21.  Burling,  to  pick  out  irregular  threads,  hairs,  or  dirt. 

4  22.  Milling  or  fulling,  with  soap  and  warm  water,  either  in  the 
fulling  stocks  or  in  the  improved  milling  machine,  where  it  is  squeezed 
between  rollers. 

4  23.  Scouring,  to  remove  the  soap. 

4  24.  Drying  and  stretching  on  tenters. 

4  25.  Raising  the  nap  of  the  cloth,  by  brushing  it  strongly  on  the  gig, 
with  teasles  fixed  on  cyliuders. 

4  26.  Cutting  or  shearing  off  the  nap  in  two  cutting  machines,  one 
cutting  lengthwise  of  the  piece  and  the  other  across. 

4  27.  Boiling  the  cloth,  to  give  it  a  permanent  face. 

4  28.  Brushing,  in  a  brushing  machine. 

4  29.  Pressing  in  hydraulic  presses,  sometimes  with  heat. 

4  30.  Cutting  the  nap  a  second  time. 

4  31.  Burling  and  drawing,  to  remove  defects,  and  marking  with  the 
manufacturer's  name. 

4  32.  Pressing  a  second  time. 

4  33.  Steaming,  to  take  away  the  liability  to  spot. 

4  34.  Folding  or  cutling  for  the  warehouse.  . 

•  These  processes,  as  has  been  said,  are  greatly  more  numerous  than 
those  required  by  any  other  textile  manufacture,  and  they  are  performed 
by  a  much  greater  variety  of  machines  and  of  workpeople. 

4  It  is  pretty  obvious  that  there  must  be  proportionate  difficulty  in 
effecting  improvements  which  will  tell  materially  on  the  quantity  or  the 
price  of  the  goods  produced.' 

In  another  part  of  his  paper,  Mr.  Baines  gives  an  interesting  account 
of  the  Shoddy  Trade,  which  is  chiefly  carried  on  at  Batley,  near  Dews- 
bury.  He  says  that — He  must  now  explain  a  new  branch  of  the  trade, 
which  has  risen  up  with  great  rapidity  and  attained  extraordinary  dimen- 
sions, to  which,  indeed,  we  are  compelled  to  ascribe  much  of  the  present 
prosperity  and  extension  of  the  Yorkshire  trade.  Its  origin  dates  as  far 
back  as  1813,  but  it  was  long  regarded  with  disapprobation  as  a  dishonest 
adulteration.  It  consists  in  mixing  with  wool,  in  the  course  of  manufac- 
ture, a  very  inferior  species  of  wool,  made  from  the  tearing-up  of  old 
woollen  and  worsted  rags,  and  to  which  the  names  have  been  given  of 
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shoddy  and  mungo.  Shoddy  is  the  produce  of  soft  materials,  such  as 
stockings,  flannels,  &c,  and  mungo  of  shreds  or  rags  of  woollen  cloth. 
The  latter  is  of  very  superior  quality  to  the  former,  being  generally  fine 
wool,  which,  after  being  once  manufactured  and  worn,  is  torn  up  into  its 
original  fibres  (by  cylindrical  machines  armed  with  teeth),  only  shorter 
and  feebler,  and  not  susceptible  of  being  dyed  a  bright  colour.  Both 
shoddy  and  mungo  give  substance  and  warmth,  and  the  latter  will  receive 
a  fine  finish;  but,  from  the  extreme  shortness  of  their  fibre,  the  cloth 
made  from  them  is  weak  and  tender.  If  cloth  made  of  these  kinds  of  rag 
wool  is  expected  to  have  the  tenacity  of  goods  made  from  new  wool,  it  will 
utterly  disappoint;  but  there  are  immense  quantities  of  goods  where 
substance  and  warmth  are  the  chief  requisites,  and  where  strength  is  of  no 
importance.  Among  them  are  paddings,  linings,  the  cloth  used  for  loose 
and  rough  greatcoats,  office  coats,  and  even  ladies'  capes  and  mantles. 
Broadcloth  may  be  made  with  a  large  admixture  of  these  cheap  and 
inferior  materials  to  look  almost  as  well  as  that  made  of  pure  wool ;  but 
the  goods  for  which  they  are  more  properly  adapted  are  what  are  called 
pilots,  witneys,  flushings,  friezes,  petershams,  duffels,  honleys,  druggets,  as 
well  as  blankets  and  carpets. 

The  price  of  shoddy  varies  from  jt?.  per  pound  to  5r/.,  and  the  white 
shoddy  from  2d.  to  lOd.  per  pound.  The  proportions  of  these  materials 
used  in  this  district  are  about  one-third  mungo  and  two-thirds  shoddy. 
Some  goods,  such  as  low-coloured  blankets  and  pea  jackets,  are  made 
with  only  one  part  of  pure  wool  to  six  parts  of  shoddy ;  but  in  the  whole 
district  perhaps  one-third  of  wool  may  be  used  with  two-thirds  of  shoddy 
or  mungo. 

It  is  one  of  the  objects  of  improvements  in  the  useful  arts  to  give 
value  to  that  which  possessed  no  value,  to  utilise  refuse,  to  economise 
materials,  and,  as  it  were,  to  prolong  their  existence  under  different  forms 
to  the  latest  date.    The  waste  swept  up  from  the  floor  of  the  cotton  mill 
is  made  into  beautiful  paper.    The  oil  washed  out  of  woollen  cloth  is  now 
extracted  from  the  muddy  liquid  which  formerly  ran  to  waste,  and  is 
saved  for  fresh  oleaginous  uses.    Scraps,  shavings,  dust,  the  contents  of 
sewers,  are  all  made  valuable.    Why,  then,  should  r.ot  the  wool  of  the 
sheep  undergo  a  second  manufacture  ?    If  the  cloth  made  of  shoddy  and 
mungo  is  sold  for  what  it  really  is,  no  one  is  deceived.    It  may,  indeed,  be 
fraudulently  sold  for  what  it  is  not,  and  the  man  who  does  so  ought  to  be 
branded  as  a  cheat.    But  if  the  use  of  shoddy  and  mungo  will  answer 
nearly  as  well  as  wool  for  a  vast  variety  of  purposes,  and  will  enable  the 
consumer  to  obtain  two  or  three  yards  of  cloth  where  he  formerly  obtained 
only  one,  it  should  be  received  as  a  lawful  and  valuable  improvement  in 
manufacture. 

The  place  where  shoddy  was  first  used  in  this  manner  was  Batley,  by 
Mr.  Benjamin  Law;  and  the  first  machines  for  tearing  up  the  rags  were 
set  «p  by  Messrs.  Joseph  Jubb  and  J.  and  P.  Fox.    The  manufacture 
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has  forced  its  way,  and  made  Batley,  Dewsbury,  and  the  neighbourhood 
the  most  prosperous  parts  of  the  woollen  district.  There  are  now  in 
Batley  alone  fifty  rag  engines  in  thirty-five  mills,  producing  no  less  than 
12,000,000  lbs.  of  rag  wool  per  annum  (after  deducting  for  loss  of  weight 
in  the  manufacture) ;  and  I  am  assured,  on  good  authority,  that  three 
times  this  quantity  is  made  in  the  district.  The  rags  are  gathered  from 
all  parts  of  the  kingdom,  as  well  as  imported  regularly  from  the  Continent* 
America,  and  Australia.  There  is  now  a  considerable  manufacture  of  the 
shoddy,  or  rag  wool,  in  Germany,  and  it  is  believed  that  no  less  than 
9,000,000  or  10,000,000  lbs.  weight  were  imported  last  year. 

How  profitable  this  trade  is  to  the  workmen  may  be  inferred  from 
evidence  which  has  been  obtained,  to  the  effect  that  5,408  operatives  in 
Batley  received  812/.  of  weekly  wages,  or  an  average  of  14*.  Id.  each. 

Another  method  of  cheapening  cloth  has  also  been  extensively  intro- 
duced in  the  woollen  manufacture,  though  by  no  means  to  the  same  extent 
or  with  the  same  success  as  in  the  worsted — namely,  the  use  of  cotton 
warps.  This  also  was  regarded  as  a  great  deterioration  of  the  fabric,  and 
to  some  extent  it  is  so.  The  cloth  is  not  so  warm  as  when  made  all  of 
wool,  and  it  has  a  certain  harshness  of  feel ;  but  it  is  not,  like  shoddy 
cloth,  tender  :  on  the  contrary,  it  is  stronger  than  if  made  entirely  of 
woollen  yarn.  Many  kinds  of  goods  of  great  beauty  are  thus  made,  among 
which  may  be  mentioned  the  tweeds  used  for  trousering,  and  grey  cloths 
used  for  ladies'  mantles  and  other  purposes.  Cloths  with  cotton  warps  are 
generally  called  union  cloths. 

With  respect  to  the  value  of  the  woollen  manufacture  of  the  United 
Kingdom,  Mr.  Baines's  estimates  are  as  follow  : 

Estimated  Annual  Value  of  the  Woollen  Manufacture  of  the  United 

Kingdom,  1858. 

(1)  Raw  material — 

lbs.  £ 
75,903,666  foreign  and  colonial  wool     .       .       .  4,717,492 
80,000,000  British  wool  at  U.  3d.  per  lb.      .       .  5,000,000 

Shoddy  and  mungo — 

45,000,000  {  30'000'000  lbs-  8hoddy  at  2K  1™  lb- 1  GO  <  370 
'      '       (  15,000,000  „   mungo  at  4|d.     „      J  ' 

Cotton  and  cotton  warps,  ^  of  the 

wool   206,537 

200,903,666  £10,533,399 

(2)  Dye  wares  and  Foap   1,500,000 

(3)  Wages— 150,000  workpeople  at  12*.  Gd.  per 

week ........  4,875,000 

(4)  Kent,  wear  and  tear  of  machinery,  repairs,  coal, 

interest  on  capital,  and  profit — 20  per  cent.. 

on  the  above   3,381,680 

Total        .       .       .  £20,290,079 
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On  the  Subject  of  the  Manufacture  of  Armour  Plates  as  prac- 
tised at  the  Works  of  Messrs.  John  Brown  &  Co.,  Sheffield, 
we  may  refer  to  the  folloiving  Extract  from  the  Letter  of 
The  Times'  Correspondent 

The  visitors  were  then  conducted  through  the  extensive  new  and  old  mills 
and  workshops,  where  some  3,000  hands  were  busily  engaged  in  melting, 
bending,  hammering,  and  twisting  great  masses  of  seething  iron  into  every 
conceivable  form  its  stubborn  nature  could  be  made  to  hike.    It  was  really 
a  wonderful  sight.    On  every  side,  amid  thick  smoke  and  deafening 
clamour,  the  blazing  rites  of  Moloch — the  furnace  god  of  old — were  being 
celebrated.    Great  furnaces  blaring  in  the  fierce  white  glare  which  shone 
from  their  crevices  were  stuffed  to  the  mouth  with  monstrous  cranks  and 
shafts  and  uncouth  bosses  of  red-hot  metal.    Every  now  and  then  some 
one  of  them  was  opened,  with  a  flash  that  filled  the  smoky  atmosphere 
with  a  glare  as  from  snow,  and  a  mass  of  metal,  seething  and  spluttering 
in  a  blaze  of  sparks,  was  dragged  off  and  moulded,  like  so  much  wax, 
under  the  blows  of  steam  hammers  that  made  the  earth  tremble  and  the 
whole  building  to  jump  and  chatter  under  the  stroke,  as  if  from  the  shock 
of  a  little  earthquake.    It  was  wonderful  to  see  the  skill  with  which  the 
groups  of  workmen,  uniting  all  their  individual  exertions  in  a  series  of 
violent  efforts  like  a  weird  species  of  dance,  contrived  to  hedge  and  move 
about  the  great  masses  on  the  anvils,  so  that  the  hammer  struck  only 
where  and  how  they  chose.    While  the  heat  lasted  in  the  mass,  and  that 
was  for  a  long  time,  they  never  paused  or  slackened  in  their  work,  and, 
though  literally  almost  scorched  by  their  proximity  to  red  heaps,  they  kept 
on  toiling  till  the  work  was  done  ;  and  the  lump  that  a  quarter  of  an  hour 
before  was  almost  melted  iron  was  picked  up  by  some  huge  crane  that 
came  travelling  along  the  smoky  walls,  and  carried  off,  glowing  through 
the  gloom,  a  finished  piece  of  work.    At  other  places  there  were  tilt  and 
lever  hammers  wearying  the  very  air  with  the  clattering  din  of  their 
tremendous  strokes.    At  others,  great  ingots  of  steel  were  cast  by  the 
Bessemer  process — small  plates  were  rolled  and  roughly  cast  aside  in  great 
red  slabs  to  cool,  or  hurried  backwards  and  forwards  in  iron  trucks,  scorch- 
in":  even  the  hardened  workmen  out  of  their  tracks  as  they  came  burning 
past.    On  every  side  there  were  furnaces  and  smoke  and  red-hot  metals, 
while  in  out-of-the-way  nooks  men  in  steel  caps  and  wire  vizors,  and  cased 
below  in  rough  steel  leggings,  like  jackboots  of  iron,  fought  in  a  cloud  like 
so  many  salamanders  round  some  rough  mass  that  was  dangerous  in  its 
fierce  heat,  and  which  sent  back  aggressive  spurts  of  red-hot  metal  in 
return  for  every  blow.    Such  fiery  combats  as  these  were  going  on  in  all 
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directions :  the  1  Sheffield  carpet '  of  the  factory — iron  plates — was  hot  and 
painful  to  the  feet ;  the  air  was  arid  with  a  sulphury  warmth  that  was  like 
the  glow  of  an  overheated  stove.    When  we  have  said  thus  much,  and 
added  that  there  were  roaring  pipes  of  steam  mounting  into  the  air,  side 
by  side  with  great  iron  trumpet-shaped  piles  of  chimneys,  out  of  which 
jets  of  red  flame  roared  and  flapped  into  the  smoke  above  like  gigantic 
flambeaux — that  lower  down  long  lines  of  lathe  bands  flew  noiselessly  in 
all  directions,  and  that  the  background  was  filled  in  with  glimpses  of 
ponderous  fly  wheels  whirling  their  arms  through  the  smoke  and  turning 
rolling  mills  or  lapping  hammers,  or  shearing  down  with  noiseless  might 
the  great  lumps  of  iron  that  were  brought  in  to  be  cut  up — we  have  said 
enough  to  indicate  the  view  which  met  visitors  on  their  first  introduction 
to  this  glowing  scene  of  industry.    Though  not  the  first,  yet  by  far  the 
most  important  process  which  their  Lordships  were  shown,  was  the  opera- 
tion of  rolling  the  great  plate— by  far  the  largest  single  plate  that  has  ever 
yet  been  rolled  in  the  world.    This  took  place  in  what  are  called  the  New 
Mills  of  the  Atlas  Works,  which  were  used  on  Thursday  for  the  first  time, 
and  where  great  ranges  of  furnaces  have  been  erected,  with  their  mouths 
opening  on  the  iron  tramway  which  leads  direct  to  the  double  rollers 
through  which  the  plate  passes.    One  may  guess  at  the  solidity  required 
for  mills  of  this  kind  when  it  is  stated  that  some  of  the  rolls  used  at  this 
mill  on  Thursday  have  a  first  foundation  of  no  less  than  60  tons  of  solid 
iron,  resting  on  masonry  carried  far  below  the  earth.    The  rolls  them- 
selves are  32  in.  in  diameter  and  8  ft.  wide,  and  are  turned  by  an  engine 
of  400-horse  power,  putting  in  motion  a  fly  wheel  large  enough,  appa- 
rently, to  make  a  world  rotate  if  only  well  balanced  on  its  axis.  A 
powerful  screw,  applying  its  force  through  compound  levers,  allows  the 
distance  between  the  rollers  to  be  adjusted  to  the  fraction  of  an  inch,  bo 
that  the  plate  which  on  its  first  rolling  is  forced  through  an  interval  of — 
for  instance — 12  inches  apart,  is  on  its  next  wound  through  one  of  10, 
next  through  one  of  8,  and  so  on  till  the  required  thickness  has  been 
carefully  and  equally  attained  by  tremendous  compression  through  every 
part  of  the  metal.    There  were  a  great  many  visitors  to  see  the  rolling  of 
this  formidable  mass,  which  was  fortunate,  as  one  would  certainly  be 
frightened  to  witness  the  terrible  process  alone.    After  some  delay  and 
quick  glimpses  made  by  the  most  hardened  workmen,  who,  rushing  up  to 
the  door  of  the  furnace,  got  a  half-blinded  glance  into  its  white  interior,  it 
was  decided  that  the  mass  was  ready ;  for,  Btrange  as  it  may  seem,  an 
armour  plate  requires  more  than  mere  heating,  and  has  to  be  cooked  and 
watched  in  its  cooking  with  as  much  care  as  if  it  were  an  omelette,  and 
the  plate  that  is  drawn  before  it  is  4  done  to  a  turn '  generally  remains  a 
permanent  ornament  of  the  unlucky  manufacturer's  workshop,  which  no 
one  will  have  at  any  price.    When  at  last  this  eventful  moment  had 
arrived,  on  Thursday,  the  door  of  the  furnace  was  slowly  raised,  and  a 
colossal  pair  of  pincers  with  very  long  handles,  fastened  to  a  chain  drawn 
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by  machinery,  was  swung  in.  For  an  instant  somo  men  rushed  forward, 
and,  shielding  their  faces  from  the  deadly  heat  that  shot  from  the  furnace . 
adjusted  the  bite  of  these  forceps  on  the  plate,  and  then  ran  back  as  the 
chain  began  to  tauten,  and  the  great  inmate  of  the  blazing  den  was  slowly 
dragged  forth  on  to  the  long  iron  trucks  in  front  of  the  door,  and  there 
lay  in  its  huge  length  and  thickness  a  mass  of  living  fire  which  none 
could  approach,  or  scarcely  even  look  at,  so  fierce  was  its  glow  and  terrific 
heat.  The  chains  that  should  have  pulled  it  forthwith  to  the  rollers  were 
too  slack  ;  and  then  arose  shouts  and  cries  and  commands,  as  the  men  did 
battle  with  this  mass  of  fire,  coming  so  near  it,  in  their  attempts  to  gather 
up  the  slackened  chains,  that  one  literally  almost  expected  fc>  see  them 
fall,  scorched  and  shrivelled,  on  the  ground.  In  its  great  glare  they  fought 
and  struggled  with  the  chains  till  at  last  all  was  adjusted,  and  the  great  pile 
of  angry  fire  began  to  move  slowly  downwards  towards  the  mills,  the  men 
following  it  with  hoarse  shouts  and  directions,  now  hid  in  steam,  as 
buckets  of  water  were  dashed  over  the  mass,  and  the  next  moment  stand- 
ing in  an  atmosphere  of  white  light,  to  which  the  light  of  the  day  around 
was  mere  dusk.  The  rollers  did  not  bite  directly  the  mass  came  to  them  ; 
and  when  they  did,  the  engine  was  almost  brought  to  a  standstill  by  the 
tremendous  strain  upon  it :  but  at  last  the  soft  plate  yielded,  and  the 
rollers  seemed  to  swallow  it  as  they  wound  it  slowly  in,  squeezing  out  jets 
of  melted  iron  like  squirts  of  fire,  that  shot  about  dangerously  as  the  pile 
was  compressed  from  19  inches  to  17  inches  think  by  the  irresistible  force 
of  the  rollers.  Ce  rfest  que  le  premier  pas  qui  coute,  and  the  victory  was 
certain  when  the  mass  had  once  passed  through  the  mill,  and  both  visitors 
and  workmen  gave  a  tremendous  cheer  at  the  success.  From  this  time  it 
was  kept  rolling  backwards  and  forwards,  the  workmen  sweeping  from  its 
face  the  scales  of  oxide  that  gathered  fast  upon  it  with  long-handled 
besoms  that,  though  soaked  in  water,  caught  fire  and  blazed  up  as  fast  as 
they  were  used.  With  every  time  it  was  passed  through,  the  rollers  were 
screwed  closer  and  closer  together,  as  we  have  already  mentioned,  till  at 
the  end  of  about  a  quarter  of  an  hour,  after  leaving  the  furnace  an  almost 
melted  mass,  it  was  passed  through  for  the  last  lime,  and  came  out  oppo- 
site the  furnace  door  it  had  so  lately  left,  no  longer  shooting  forth  spiteful 
sparks,  but  shorn  of  half  its  heat,  subdued  and  moulded  to  its  proper 
form — a  finished  armour  plate,  weighing  20  tons,  19  feet  long,  nearly  4  feet 
wide,  and  exactly  12  inches  thick  throughout  from  end  to  end.  This  is  the 
most  signal  triumph  that  any  rolling  mills  have  yet  achieved. 

Other  smaller  plates  were  then  rolled  with  a  quickness  and  certainty 
that  proved  the  skill  already  gained  in  this  new  and  most  important 
branch  of  manufacture.  One  plate  was  17  feet  long  by  4  feet  broad  and 
5 J  inches  thick  ;  one,  19  feet  long  by  4 J  feet  wide  and  4 J  inches  thick  ; 
one  we  have  already  alluded  to,  41  feet  long  by  3  feet  10  inches  broad 
and  A\  inches  thick.  A  lesser  plate  was  also  rolled  18  feet  long,  5  feet 
wide,  with  a  thickness  of  6  inches  on  one  edge  and  3  inches  on  the  other. 
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The  method  of  converting  cast  iron  by  the  Bessemer  process  into  the 
tough  soft  Bessemer  metal,  a  combination  of  the  qualities  between  soft 
steel  and  tough  wrought  iron,  was  next  shown.  It  is  needless  now  to 
enter  on  a  description  of  the  very  beautiful  and  very  terrible  process,  to 
witness,  which  the  metal  goes  through  in  the  converter  as  it  is  stimulated 
to  a  white  heat  by  the  passage  of  the  air  blown  by  force  pumps  upwards 
through  the  mass.  No  fireworks  can  surpass  the  brilliancy  of  the  display 
this  process  affords  as  it  approaches  its  completion,  and  the  stream  of 
violet  flame  and  clouds  of  burning  sparks  pour  from  the  mouth  of  the 
converter  as  from  a  gigantic  squib.  Nor  is  it  necessary  here  to  enter  into 
a  detail  of  the  now  well-known  process,  which  was  a  subject  of  such  con- 
troversy a  few  years  since,  but  which  is  now  being  fo  generally  and 
advantageously  adopted  throughout  England  and  the  Continent.  Suffice 
it  to  say  that  in  twenty  minutes  from  the  time  of  putting  in  the  charge  of 
cast  iron  it  was,  without  any  expenditure  of  labour,  poured  out  into  the 
mould,  an  ingot  of  soft  tough  steel  weighing  three  tors.  This  metal,  after 
undergoing  hammering,  is  now  most  extensively  used  for  steel  rails  at 
stations,  points,  and  junctions,  where  the  wear  is  great,  and  in  these 
trying  situations  it  seems  almost  indestructible.  A  great  deal  has  also 
been  used  in  making  Blakeley  rifled  guns  in  this  country  for  both  Federals 
and  Confederates.  These  are  the  ordnance  which  the  Americans  always 
speak  of  as  Parrott  guns,  and  by  them  they  are  more  highly  prized  than 
those  of  either  Armstrong  or  Whitworth.  Yet  it  is  stated  that  the 
Ordnance  Select  Committee  have  refused  even  to  try  these  guns  at  Shoe- 
bury  ness.  After  these  processes  were  over,  and  the  various  planing  and 
filing  shops  had  been  duly  examined,  the  visitors  were  entertained  by 
Mr.  Brown  at  a  most  sumptuous  dejeune. 
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and  pulleys  employed  in  the  mill  at 
Constantinople,  and  the  velocities 
imparted  to  them,  405 

—  conical  mills  of  Mr.  Schiele  and  of 
Mr.  Westrup,  40J)  note 

—  list  of  wheels  and  speeds  in  the  corn 
mill  of  Taganrosr,  iliL 

—  floating  corn  mill  and  bakery  con- 
structed by  Messrs.  William  Fair- 
bairn  Sc  Sons,  412 

—  details  of  machinery,  418 

—  the  elevator,  418 

—  the  creeper,  419 

—  the  separator,  421 

—  the  screening  machine,  422 

—  the  smut  machine,  433,  434 

—  the  framing,  426 

—  the  stone  case  and  feeding  hopper, 
421 

—  the  driving  gear,  428 

-  the  mill  spindle  and  its  appendages, 
429. 

—  the  millstones,  430 

—  adjustment  of  the  lower  stone,  l.i'J 
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Corn  mills — continued. 

—  adjustment  of  the  mill  spindle,  433 

—  the  feeding  apparatus,  435 

—  the  disengaging  apparatus,  437 

—  the  stone-lifting  apparatus,  439 

—  the  dressing  machine,  440 

—  the  bolting  machine,  413_ 

—  Clarke  Sc  Dunham's  contrivance  for 
balancing  the  running  millstone, 
44£ 

—  Mr.  Bovill's  ventilating  process,  415 
Cornish  boiler,  251 

Cottage  cotton  manufacture  of  Eng- 
land, 1 

Cotton  cloth,  history  of  the  manufac- 
ture of,  5j  Z 

—  origin  of  the  cotton  manufacture  in 
India,  7 

—  cotton  manufacture  of  China,  I 

—  and  of  Italy,  7 

—  rise  of  the  cotton  manufacture  of 
England,  I 

—  improvements  of  Arkwright,  Har- 
greaves,  and  Crompton,  8 

Cotton  mills,  early  history  of,  391,  lit 

—  condition  of  the  factory  system 
thirty  years  ago,  455. 

—  description  of  a  modern  mill  as  con- 
structed by  Messrs. William  Fairbaim 
Sc  Sons,  45C 

—  cotton  mill  engines,  456 

—  mode  of  working,  456 

—  the  opening  machines,  456. 

—  the  blowers,  45_7_ 

—  carding,  457 

—  drawing  frames,  457 

—  slubbing  or  roving  frame,  45S 

—  machine  for  combing  instead  of 
carding,  459 

—  process  of  spinning  and  weaving 
cotton,  45_9_ 

—  subsequent  processes,  460 

—  twill  and  figure  weaving,  4J12 

—  value  of  the  cotton  manufacture,  ihl 

—  list  of  wheels  and  speeds,  463 

—  lists  of  the  most  approved  speeds  of 
the  different  cotton  machines,  464 

Cotton  paper,  518 

Couplings  for  shafts,  and  engaging  and 

disengaging  gear,  361  et  *eq. 
Crank  and  great  beam,  the,  LA 

—  relations  of  crank  and  piston.  20, 21 
Creepers  of  corn  mills,  412 

Crown  wheels,  43 
Crushing  rollers  for  oil  mills,  506 
Cnbitt,  Sir  W.,  his  mode  of  reefing  the 
sails  of  windmills,  281 

—  and  of  regulating  their  speed,  284 
Cumberland,  rainfall  of,  69^  12 
Cutting  machine  of  Messrs.  Peter  Fair 

bairn  -v  Co.  of  Leeds,  223. 
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D ALTON,  Dr.,  his  observations  on 
rainfall,  Z2 
Dams  or  weirs,  82 
Deanston  works,  details  of  tho,  127 
Detent,  ratchet  wheel  and,  2_8_ 
Dimities,  early  English  manufacture 
of,  I 

Discharge  of  water,  and  tho  estimation 

of  water  power,  82. 
Domestics,  manufacture  of,  485 
Drawing  llax,  182 
Dressing  cotton,  461 
Dressing  machine  of  a  corn  mill,  440 
Dutch  lake  the  lead  in  the  field  of 

mechanical  enterprise,  5. 
Dyer's  Croft,  remains  of  a  Roman 

water  mill  at,  i 


I^CCENTRIC  wheel,  the,  49 
J    Edward  HI.,  improvements  in  the 
manufacture  of  woollen  goods  intro- 
duced by,  & 
Egyptians,  the  ancient,  their  know- 
ledge of  the  processes  of  spinning 
and  weaving,  6. 
Elevators  of  corn  mills,  418 
England,  cotton  manufacture  of,  Z 

—  its  pre-eminenco  in  productive  in- 
dustry, 8_ 

Epicycloidal  teeth  of  wheels,  302 
Estimation  of  water  power,  106 
Evaporation  and  rainfall,  682  72 

FACE  wheel  and  lantern,  43 
Face  wheels  and  trundles,  2 'JO 
Factory  system,  rise  of  the,  in  Eng- 
land, Z 

—  division  of  labour  by  means  of  the,  2 

—  Dr.  Ure's  definition  of  the  word 
■  factory/  2 

—  effects  of  the  factory  system,  2 
Fairbairn,   Messrs.   Peter,  6c   Co.,  of 

Leeds,  their  cutting  machine*  223 

Feed  pumps  of  boilers,  2fi£ 

Feed-water  heating  apparatus  of  boil- 
ers, 2  <'»"> 

Feeding  apparatus  of  a  corn  mill,  435 
Feeding  hopper  of  a  corn  mill,  427 
Felting  of  wool,  known  probably  be- 
fore spinning  and  weaving,  6_ 

—  modern  process  of,  465 
Flax  mills,  history  of,  473 

—  Mr.  J.  G.  Marshall's  account  of  the 
flax  manufacture,  473,  474 

—  flax  manufacture  of  Ireland  and 
Scotland,  1L3. 

—  Dr.  Ure's  description  of  flax,  414 

—  account  of  a  flax  mill  erected  for 
the  Baron  Stieglitz  at  Narva,  475 


IRO 

Flax  mills  -couth)  tin/. 

—  processes  of  flax  manufacture,  47_9 

—  lists  of  wheels  and  speeds,  and  of 
pulleys  and  speeds  of  machines,  487, 
488 

Flishmann's  tow-combing  machine,  484 

Framing  of  a  corn  mill,  426 

Friction  of  shafting,  2M 

Friction  clutch,  361 

Friction  cones,  368 

Friction  coupling,  362 

Friction  discs,  3_M 

Friction  spur  and  bevel  wheels,  fill  et 
tcq. 

Friction,  means  adopted  to  lessen  the, 
at  the  foot  of  the  main  vertical  shaft, 
386 

Fulling  blankets  and  broadcloth,  465, 
469 

Fulling  cloth,  art  of,  attributed  to 

Nicias  of  Megara,  6. 
Fustians,  early  English  manufacture 

of,Z 

n  EARING,    frictional,    Mr.  James 
\J    Robertson's  new  system  of,  647 
Grate-bar  surfaces  of  boilers,  area  of> 
251 

Guide  pulleys,  33. 
Gun  cotton,  invention  of,  535 
Gunpowder  mills.    See  Powder  Mills 
Gutta  percha,  value  of,  for  straps,  2M 

HAMMERS,  iron,  538 
Hangers,  375 
Hebcrden,  Dn,  his  observations  on  rain- 
falls, Zi 
Heckling  flax,  480 
Herbert,  Mr.-,  his  oil  mill,  fiQ3 
Hero  of  Alexandria,  his  mention  of 

toothed  wheels,  288 
High-pressure  engines,  242 
Hydraulic  presses  adapted  to  expressing 
oil  from  seeds,  509 

TDLE  wheels,  41 

X  India, invention  of  cotton  fcloth  in,£. 

Intermittent  mot  ion  produced  by  link- 
work,  connected  with  a  ratchet 
wheel,  23 

Involute  teeth  of  wheels,  808 

Iron  manufactures,  changes  in  progress 
in  the,  2 

—  improvements  in  the  smelting  pro- 
cesses effected  by  Mr.  Neilson,  10.Sc 

Iron  mills,  536 

--  processes  of  manufacture  at  present 
employed,  fiSfi. 

—  hammers  and  squeezers,  639 
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Iron  mills— continued. 

—  rolling  mills,  533 

—  manufacture  of  rolls,  540 

—  machinery  for  rolling  armour  plates, 
542 

—  description  of  the  process  of  rolling 
armour  plates  at  Messrs.  John  Brown 
&  Co. 'a  works  at  Sheffield,  513 

Italy,  cotton  manufactures  of,  7_ 
Izinct,  description  of  the  woollen  mill 
at,  built  for  the  Sultan,  Ififi 


JAMES  1^ his  abortive  efforts  to  grow 
the  mulberry  and  produce  silk  in 
England,  5 
Journals,  length  of,  355 

LANTERN,  face  wheel  and,  13. 
Lewis's  frame  for  shearing  woollen 
cloth,  hq 
Linen,  manufacture  of,  5j  479 
Linen  hand  loom  weavers  of  Ulster,  485 
Link-work  Ifi 

—  the  crank  and  great  beam,  19_ 

—  to  construct  Watt's  parallel  motion, 
23 

—  to  multiply  oscillations  by  means  of 
link-work,  24 

—  to  produce  a  velocity  which  shall  be 
rapidly  retarded  by  means  of  Imk- 
work,  2fi 

—  to  produce  a  reciprocating  inter- 
mittent motion  by  means  of  link- 
work,  21 

—  ratchet  wheel  and  detent,  28 

—  intermittent  motion  produced  by 
link-work  connected  with  a  ratchet 
wheel,  28 

Lombe,  Mr.  John,  his  silk  mill,  489 
Longcndale  valley,  rainfall  of,  X4 
Loab,  Mr.,  his  double  furnaces,  269 
Lough  Island  Heavy.    See  Bann  Re- 
servoirs 
Lubrication  of  shafting,  352 


TITACHINERY  of  transmission,  on,  285 
ill    McNaughting,  236. 
Manchester,  Roman  water  mill  at,  4 

—  early  cotton  manufacture  of,  L 
Man  holes  of  boilers,  267 
Mechanical  arts  obliterated  by  the  con- 
quest of  Rome,  4 

Mechan'sm,  principles  of,  12 

—  general  views  relative  to  machines, 
12 

—  definitions  and  preliminary  expla- 
nations, 12 

—  parts  of  a  macliine,  15 
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Mechan  i  sm — continued. 

—  elementary  foims  of  mechanism,  II 

—  link-work,  18. 

—  the  crank  and  great  beam,  13 

—  to  construct  Watt's  parallel  motion, 
23 

—  to  multiply  oscillations  by  means  of 
link-work,  21 

—  to  produce  a  velocity  which  shall  be 
rapidly  retarded  by  means  of  link- 
work,  2JJ 

—  to  produce  a  reciprocating  inter- 
mittent motion  by  means  of  link- 
work,  21 

—  ratchet  wheel  and  detent,  28. 

—  intermittent  motion  produced  by 
link-work  connected  with  a  ratchet 
wheel,  28 

—  wrapping  connectors,  21) 

—  -  endless  cord  or  belt,  29 

—  speed  pulleys,  3J1 

—  guide  pulleys,  33 

—  to  prevent  wrapping  connectors  from 
slipping,  33 

—  systems  of  pulleys,  35 

—  to  produce  a  varying  velocity  ratio 
by  means  of  wrapping  connectors,  31 

—  on  wheel-work  producing  motion  by 
rolling  contact  when  the  axes  of 
motion  are  parallel,  38. 

—  idle  wheels,  42 

—  annular  wheels,  12 

—  concentric  wheels,  13 

—  wheel-work  when  the  axes  are  not 
parallel  to  each  other,  13 

—  face  wheel  and  lantern,  13 

—  crown  wheels,  43 

—  to  construct  bevel  wheels  and  bevol 
gear,  when  the  axes  are  in  the  same 
plane,  11 

—  to  construct  bevel  gear  when  the 
axes  are  not  in  the  same  plane,  45. 

—  variable  motions  produced  by  wheel- 
work  having  rolling  contact,  H> 

—  Roomer's  wheels,  16 

—  intermittent  and  reciprocating  mo- 
tions, produced  by  wheel-work  bar- 
ing rolling  contact,  42 

—  the  rack  and  pinion,  18. 

—  sliding  pieces,  producing  motion  by 
sliding  contact,  4J£ 

—  the  wedge,  or  movable  inclined 
plane,  18 

—  the  eccentric  wheel,  19_ 

—  cambs,  wipers,  and  tappets,  50. 

—  the  swash  plate,  52 

—  screws,  different  forms  of,  51  ct  *rq. 

—  mechanism  for  cutting  screws.  .*>!* 

—  to  produce  a  changing  reciprocating 
rectilinear  motion  by  a  combination 
of  the  camh  and  screw,  61 
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M  echan  is  m — contin  tied. 

—  to  produce  a  boring  motion  by  a 
combination  of  the  screw  and  toot  hod 
wheels,  62 

—  on  prime-movers,  63 

—  accumulation  of  water  as  a  source  of 
motive  power,  63 

—  on  the  flow  and  discharge  of  wafer, 
and  the  estimation  of  water  power,  82 

—  on  the  construction  of  water  wheels, 
109 

—  on  the  undershot  water  wheel,  145 

—  on  turbines,  15_1 

—  varieties  of  stationary  steam  cn« 
gines,  225 

—  boilers,  21U 

—  windmills,  271 

Medlock  river,  Roman  water  mill  on 
the,  i 

Meiklc,  Mr.,  his  improvements  in  wind- 
mills, 278 

Melbourne  waterworks,  statistics  of 
the,  81 

—  table  of  rainfall  and  evaporation,  82 
Mill  architecture,  on,  391 

—  early  history,  391 

—  Smeaton  and  Kennies  improve- 
ments, 333 

—  the  Albion  steam  mills,  322 

—  early  cotton  mills,  3113 

—  the  shed  principle  or  *  saw-tooth' 
system,  3M 

—  corn  mills,  397 

—  cotton  mills,  454 

—  woollen  mills,  iiLi 

—  flax  mills,  473 

—  silk  mills, 

—  oil  mills,  5Q3 

—  paper  mills,  514 

—  powder  mills,  526 

—  iron  mills,  6_ifi 

Mill  spindle,  and  its  appendages,  the, 

of  a  corn  mill,  429 
Millstones,  4M 

—  adjustment  of  the  lower  stone,  132 

—  stone-lifting  apparatus,  432 

—  Clarke  and  Dunham's  contrivance 
for  balancing  the  running  millstone, 

Millwrights,  engineers,  and  machinists, 
501 

—  claims  of  the  millwright  upon  almost 
every  mechanical  profession,  5Q2 

'  Moulin  Fraucais,'  275 
Mud  cocks  of  boilers,  2£I 
Mungo,  manufacture  of,  554 

NANKEEN  manufacture,  the  Chi- 
nese, 7_ 

Narva,  Baron  St  ieglite's  flax  mill  at,  476 
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Neilson,  Mr.,  his  improvements  in  the 
smelting  of  iron,  10_ 

ODOXTOGRAPH,  Prof.  Willis's,  312 
Oil  mills,  5J13 

—  early  history,  5_i)3 

—  Mr.  Herbert's  mill,  5Q3 

—  Messrs.  Martin  Samuelson  6c  Co.'s 
mill  at  Hull,  5JJ6 

—  modern  processes  for  obtaining  the 
oil,  506 

— ■  comparative  merits  of  stampers  and 
hydraulic  presses,  612,  513 

—  extent  of  English  oil  manufacture, 
613 

Oscillations,  to  multiply  by  means  of 
link-work,  24 

PAPER  MILLS,  514 
—  early  history  of  the  manufacture 
of  paper,  5_LL 

—  Chinese  mode  of  making  paper,  51 1, 
615 

—  English  jjaper  manufacture,  ilii 

—  variety  of  the  materials  used  in  the 
manufacture  of  paper,  61fi 

—  -  various  stages  of  the  manufacture  of 
paper,  518 

—  improved  paper  mills,  512 

—  section,  plan,  and  cross  section  of  a 
mill,  520,  621 

—  water  marks,  523 

—  different  kinds  of  paper,  524 

—  papier  mache,  524 

—  extent  of  the  paper  manufact  tire,  025 

—  list  of  wheels  and  speeds,  525 
Parallel  motion,  Watt's,  to  construct,  23 
Pendulum,  conical,  or  centrifugal  go- 
vernor, applied  to  control  the  motion 
of  flour  mills,  28J) 

Phillips,  Mr.,  his  observations  on  rain- 
fall, zi 
Pinion  from  Ramelli,  288 
Pipes,  friction  of  fluids  in,  29 

—  tables  of  friction,  102^  1Q3 
Piston,  relations  of  the  crank  and,  20, 

21 

Pliny,  his  description  of  Roman  corn 

mills,  2 
Plugs,  fusible,  261 
Plummer  blocks,  375 
Pompeii,  cattle  corn  mills  disentombed 

in,  2 

Poncelot,   M.,    hia   undershot  water 

wheel,  U7t  148 
Powder  mills,  5_26 

—  expansive  force  of  gunpowder,  626 

—  Other  expansive  substances,  5_2£ 

—  process  of  manufacture  of  gunpow- 
der, 527 
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Powder  mills— continued. 

—  description  of  the  Government  pow- 
der mill  at  Walt  ham  Abbey,  622 

—  construction  of  mixing  mill,  531 

—  composit  ion  of  gunpowder  among 
various  nations,  ~>'M 

—  list  of  wheels  and  speeds,  631 
Press,  the  common,  56. 

—  the  hydraulic.  />(>'.> 
Pressure  of  water,  82 

Prideaux,  Mr.,  his  improvements  in 

boilers,  270 
Prime-movers,  63 
Pulleys,  speed,  'Ml 

—  guide,  33 

—  system*  of,  35 

—  and  wheels,  286 

QUERNS,  Boman,  2 

RACK  and  pinion,  the,  48 
Rags,  advantages  of,  over  all  other 
materials  for  making  paper,  618 
Rainfall  and  evaporation,  GS 

—  table  of  mean  rainfall  at  London 
and  Manchester,  6.2 

—  method  of  determining  the  rainfall, 
£2 

—  rain  gauges,  11 

—  increased  rainfall  corresponding  to 
increased  elevation,  II 

—  relation  of  rainfall  to  the  discharge 
by  rivers,  13 

—  Lough  Island  Reavy,  or  River  Rami, 
reservoirs,  G7j  72±  75,  7Ji 

—  rainfall  and  evaporation  in  tropical 
countries,  81 

Ramelli,  pinion  from,  288 
Ratchet  wheel  and  detent^  the,  23 

—  intermittent  motion  produced  by 
link-work  connected  with  a  ratchet 
wheel,  28 

Reciprocating  intermittent  motion,  to 

produce  a,  by  means  of  link-work,  31 
Reeling  flax,  process  of,  208 
Regnault's  apparatus  for  determining 

the  latent  heat  of  steam,  21  7 
Rennie,  Mr.  John,  his  introduction  of 

cast  iron  into  all  the  details  of  niill- 

work,  22Q 

—  his  improvements  in  mill  architec- 
ture, 323 

Reservoirs,  formation  of,  67 
Robertsons  system  of  frictional  gear* 
ing,  541 

Rolling  contact,  motion  produced  by, 
38 

—  variable  motions  produced  by  wheel- 
work  having  rolling  contact.  46 
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Rolling  mills  used  in  iron  manufacture, 
640 

Romans,  their  querns,  or  hand  mills, 

—  their  water  mills,  4 

—  their  woollen  manufactures,  £ 
Roving  flax,  process  of,  433 

SAFETY  valves  of  boilers,  231 
Sails  of  windmills,  forms  and  pro- 
portions of  the,  278.  2M 
Saltaire,  stationary  beam  engines  at, 
223 

—  dimensions  of  boiler  at,  264 

—  mills,  the,  383^  323 

Sang,  Mr.,  his  arrangement  for  the 
approximate  measurement  of  the 
flow  of  water  over  a  rectangular 
notch  in  a  waste  board,  23 

Schiele's  turbine,  170 

Screen,  or  shaker,  for  oil  mills,  230 

Screening  machine  of  a  corn  mill,  422 

Screws,  34 

—  construction  of  a  helix  or  screw,  54. 

—  pitch  of  a  screw,  64 

—  transmission  of  motion  by  the  screw, 
64 

—  solid  screw  and  nut,  66 

—  the  common  press,  63 

—  compound  screw,  67_ 

—  endless  screw,  63 

—  differential  screw,  58 

—  Archimedean  screw  creeper,  62 

—  mechanism  for  cutting  screws,  62 

—  to  produce  a  changing  reciprocating 
motion  by  a  combination  of  the 
camb  and  screw,  31 

—  to  produce  a  boring  motion  by  a 
combination  of  the  screw  and  toothed 
wheels,  32 

Scutching  flax,  470 
Separators  of  corn  mills,  421 
Shafts,  on  the  strength  and  proportion 
of,  332 

—  L  The  material  of  which  shafting  is 
constructed,  333 

—  2.  Transverse  strain,  334 

—  rules  for  the  strength  of  shafts, 

336 

—  resistance  to  flexure — weights  pro- 
ducing a  deflection  of  of  the 
length  in  cast-iron  cylindrical  shafts, 
34Q 

—  resistance  to  flexure — weights  pro- 
ducing a  deflection  of  ,  1  -,  of  the 
length  in  wrought-iron  cylindrical 
shafts,  3il 

—  deflection  arising  from  the  weight 
of  the  shaft  in  both  cast-iron  and 
wrought-iron  cylindrical  shafts,  342 

—  3,  Torsion,  343 
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hafts — continued 

—  values  of  modulus  of  torsion  accord- 
ing to  Mr.  Be  van ,  3iA 

—  resume  of  experiments  on  cylinders 
of  circular  section,  34& 

—  resume  of  experiments  on  the  torsion 
of  hollow  cylinders  of  copper,  311 

—  resume  of  experiments  on  the  torsion 
of  elliptical  bars,  347 

—  safe  working  torsion  for  cast-iron 
and  for  wrought- iron  shafts,  350,  861 

—  diameter  of  wrought-iron  shafting 
necessary  to  transmit  with  safety  va- 
rious amounts  of  force,  353 

—  ±i  Velocity  of  shafts,  351 

—  {L  Length  of  journals,  355 

—  (L  Friction,  35£ 

—  table  of  coefficients  of  friction  under 
pressures  increased  continually  up  to 
limits  of  abrasion,  258 

—  7.  Lubrication,  35_i» 

—  8»  On  couplings  for  shafts,  and  en- 
gaging and  disengaging  gear,  361  et 

tea. 

—  disengaging  and  re-engaging  gear, 
364 

—  2,  Hangers,  plummer  blocks,  kc,  for 
carrying  shafting,  375 

—  diameters,  pitch,  velocity,  See.  of 
spur  fly  wheels  of  the  new  construc- 
tion, 282 

—  Material,  Sec.,  of  the  main  shafts,  282 

—  vertical  shafts,  383 

—  the  Saltaire  mills,  383  et  seq. 

—  table  of  length,  diameter,  Sec,  of 
coupling,  coupling  boxes,  &c,  Bflfl 

si  law's  waterworks  at  Greenock,  67. 
Shoddy,  manufacture  of,  5H3 
Shrouds  of  a  water  wheel,  116. 
Shuttle  box,  revolving,  of  the  power 
loom,  162 

Silk,  efforts  of  James  L  to  grow  the 
mulberry,  and  produce  silk  in  Eng- 
land, a 

i —  progress  of  the  silk  manufacture  in 
this  country  during  the  reigns  of 
Charles  1^  the  Commonwealth,  and 
Charles  II.,  5 

—  foundation  of  the  Spitalfields  weav- 
ing trade,  5 

Silk  mills,  489 

—  early  history  of  silk,  489 

—  the  first  silk  mill,  189 

—  improvements  in  machinery,  4110 

—  Mr.  Vernon  Boyle's  mill,  4iHl 

—  Fairbairn  Sc  Lillies  improved  silk- 
spinning  mill,  4'.K) 

—  process  of  manufacture,  422 

—  description  of  a  silk  mill,  193. 

—  speed  of  shafts,  wheels,  Sec,  iflfi 

—  raw  silk  spinning  machinery,  495 
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Silk  mills — continued. 

—  novel  machines  lately  introduced 
into  the  silk  trade,  497 

Skew  bevel  wheels,  321 
Sliding  pieces,  producing  motion  by 
sliding  contact,  18 

—  the  wedge,  or  movable  inclined 
plane,  48 

—  the  eccentric  wheel,  19 

—  cambs,  wipers,  and  tappets,  50. 

—  the  swash  plate,  52 

—  screws,  51 

—  the  common  press,  5fi 

—  to  produce  a  changing  reciprocating 
motion  by  a  combination  of  the  camb 
and  screw,  CI 

Smeaton,  Mr.,  his  weir  at  Carron,  85 

—  his  experiments  on  windmills,  283 

—  his  introduction  of  cast-iron  gearing 
in  place  of  wood,  2Si> 

—  his  improvements  in  mill  architec- 
ture, 392 

Smoke,  plans  for  the  prevention  of, 
from  boilers,  268. 

—  Watt's  patent,  268 

—  Losh's  double  furnaces,  269 

—  Mr.  Wye  Williams  and  Mr.  Pri- 
deaux's  improvements,  269,  270 

Speed  pulleys,  30. 

Spindles,  silk,  4i!2 

Spinning  cotton,  process  of,  456 

—  flax,  process  of,  484 

—  raw  silk,  machinery  for,  405 
Spreading  flax,  482 

Spur  gearing,  2SS 
Squeezers,  iron,  538 
Stamper  press,  Dutch,  508 
Steam,  on  the  properties  of,  178 

—  history  of  the  employment  of,  178 

—  general  laws  of  vaporisation  of,  181 

—  the  vaporisation  of  water,  and  the 
formation  of  steam,  183 

—  the  relation  between  the  pressure 
and  temperature  of  saturated  steam, 
181 

—  relation  of  temperature  and  density 
of  saturated  steam,  2Q0_ 

—  on  the  latent  heat  of  steam  at  dif- 
ferent pressures,  210 

—  on  the  law  of  expansion  of  super- 
heated steam,  221 

Steam  engines,  varieties  of  stationary, 
225 

—  stationary  beam  engines,  226. 

—  compound  engines,  238 

—  high-pressure  engines,  212 

—  the  duty  of  engines,  245  et  seq. 

—  boilers,  212 

—  plans  for  the  prevention  of  smoke,  268 
Steam  gauges  of  boilers,  266 

Steam  kettle  for  oil  mills,  223 
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Steam  power,  expenses  of,  contrasted 
with  those  of  water  power,  fil 

Stieglitz,  Baron,  his  flax  mill  at  Nana, 
47fi 

Stone  case  of  a  corn  mill,  427 
Straps  compared  with  geared  wheel- 
work,  2M 

—  materials  of  which  straps  are  made, 
2Sfi 

—  strength  of  straps,  287 

—  table  of  the  least  width  of  straps  for 
transmitting  various  amounts  of  work 
over  different  pulleys,  287 

Straw  paper,  617 

Sulphur,  preparation  of,  for  making 

gunpowder,  527 
Swash  plate,  the,  52. 
Swineshaw  valley,  rainfall  in  the,  13 


TABLE  of  mean  rainfall  at  London 
and  Manchester,  £9. 

—  showing  the  effect  of  placing  rain 
gauges  in  elevated  positions,  71 

—  showing  effect  of  elevation  on  rain- 
fall, 12 

—  showing  amount  of  rainfall  at  the 
Swineshaw  and  Longendale  valleys, 
U 

—  showing  the  amount  of  spontaneous 
evaporation  and  rainfall  for  twelve 
months,  ending  Jan.  ^  1868,  82 

Tablet  relating  to  the  Flaw  and  Dis- 
charge  of  Water. 

Table  L  Theoretical  velocity  of  efflu- 
ent water,  2Q_ 

—  II.  Coefficients  of  discharge  of 
vertical  rectangular  orifices,  thin- 
lipped,  with  complete  contraction. 
The  heads  of  water  measured  at  a 
point  of  the  reservoir  where  the 
liquid  was  perfectly  stagnant,  93 

—  IIL  Coefficients  of  discharge  of 
vertical,  thin-lipped  rectangular  ori- 
fices, with  complete  contraction.  The 
heads  of  water  measured  immedi- 
ately over  the  orifice,  23 

—  IV.  Theoretical  and  actual  discharge 
from  a  thin-lipped  orifice  of  a  sec- 
tional area  of  one  square  foot,  9_± 

—  V.  Coefficient  of  discharge  for 
weirs,  from  experiments  on  notches 
eight  inches  broad,  by  Poncelot  and 
Lesbro8,  96. 

—  VL  Coefficients  of  discharge  from 
weirs,  from  experiments  by  Mr. 
Blackwell,  2fi 

—  VII.  Examples  of  estimation  of 
discharge  from  weirs,  98 

—  VIII.    Discharge  of  water  over  a 


TAB 

thin-edged  notch  or  weir  for  every 
foot  in  breadth  of  the  stream  in 
cubic  feet  per  second,  2fi 
Table  IX.    Friction  of  water  in  pipes, 
102,  103 

—  Of  the  value  of  the  coefficient  of 
friction  n,  for  different  velocities,  \Q1 

Tables  relating  to  Water  Wheel*. 

Tables  of  diameters  of  the  main  axis 
journals  of  water  wheels,  HI 

—  Proportions  of  water  wheels,  142, 

iia 

Tablet  relating  to  the  Properties  of 
Steam. 

Table  L  Influence  of  changes  of  at- 
mospheric pressure  on  the  boiling 
point  of  water,  and  the  boiling  point 
at  different  altitudes,  182 

—  II.  Elastic  force  of  the  vapour  of 
water,  Ifil 

—  III.  Elastic  force  of  steam,  from  the 
experiments  of  the  Franklin  Insti- 
tute, 182 

—  IV.  Results  of  MM.  Arago  and 
Dulong's  experiments  on  the  rela- 
tion of  pressure  and  temperature  of 
saturated  steam,  189 

—  V.  On  the  pressure  and  correspond- 
ing temperature  of  saturated  steam, 
199 

—  VL  Results  of  experiments  on  the 
density  of  steam  at  pressures  of 
from  16  to  Til  pounds  per  square 
inch,  208 

—  VII.  The  results  of  experiments  on 
the  density  of  steam  at  pressures 
below  that  of  the  atmosphere,  210_ 

—  VIII.  On  the  relation  of  pressure, 
volume,  and  weight  of  saturated 
steam  deduced  from  experimental 
data,  211 

—  LX.  The  latent  and  total  heat  of 
steam  from  one  pound  to  one  hun- 
dred and  fifty  pounds  per  square 
inch,  21S 

—  X.  Showing  the  coefficient  of  ex- 
pansion of  superheated  steam,  223. 

—  on  the  reliability  of  various  instru- 
ments for  measuring  temperatures, 
190 

—  comparison  of  the  values  of  the 
specifio  volume  of  saturated  steam 
from  the  formulae  of  Mr.  Fair  bairn 
and  others,  211 

—  showing  the  progressive  economy 
of  high-pressure  steam,  246,  247 

—  relating  to  wheels.  See  Wheel- 
work 

 shafts.   See  Shafts 
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Tabic  relating  to  straps.  See  Wrapping 

Connectors 
Taganrog,  description  of  a  corn  mill  at, 

407 

Tail-race,  direction  of,  122 
Tappets,  or  wipers,  60. 
Teeth  of  wheels.    See  Wheel-work 
Textile  fabrics,  history  of  mills  for  the 
manufacture  of,  fi 

—  silk  manufactures  in  England,  5^  Q 

—  woollen  mills,  ancient  and  modern,  6 

—  cotton  mills  and  cotton,  history 
of,  1 

Thrutchcrs,  234-236 
Toothed  wheels,  history  of,  288. 
Torricellian  vacuum,  206 
Tow-combing  machine,  Flishmann's, 
484 

Turbines,  on,  lfil 

—  turbines  in  which  the  water  passes 
vertically  through  the  wheel,  152. 

—  turbines  in  which  the  water  flows 
horizontally  and  outwards,  155. 

—  turbines  in  which  the  water  flows 
horizontally  inwards ;  vortex  wheels, 
159 

—  efficiency  of  turbines,  169 

—  Vehicle's  turbine,  HQ 

—  water- pressure  engines,  173 


UNIVERSAL    joint,   bevel  wheels 
preferable  to,  382. 
Ure,  Dr.,  his  description  of  flax,  414 

 of  the  silkworm,  489 

 of  materials  employed  in 

the  manufacture  of  paper,  ft  IB 

 of  the  manufact  ure  of  the 

ingredients  of  gunpowder,  527 


T7ALVES,  back  pressure,  of  boilers, 
T  265 

—  safety,  of  boilers,  207 

—  adapted  for  the  discharge  of  reser- 
voirs at  great  depths,  79 

Vaporisation,  general  laws  of,  181.  See 
St  earn 

Velocity,  to  produce  a,  which  shall  be 
rapidly  retarded,  by  moans  of  link- 
work,  '2J1 

Velocity  of  water,  89^  2Q 

Venice,  exportation*  of  cotton  cloth 
three  hundred  years  ago  from,  1 

Ventilation  of  water  wheels,  130 

—  low-breasted  ventila'ed  wheel,  1 33 
Vermilions,  early  English  manufacture 

of,  I 

Vitruvius.  his  account  of  wa'er  mills,  i 
Vortex  wheels,  1 59 


WAT 

Vortex  wheels— eontinued. 

—  experiments  on  Mr.  Thomsons  vor- 
tex wheel  at  Ballysillan,  to  deter- 
mine its  efficiency,  fiifi 


WALTHAM    Abbey,  Government 
gunpowder  mills  at,  529 
Water,  on  the  accumulation  of,  as  a 
source  of  motive  power,  6_3_ 

—  classification  of  mill  machinery,  63. 

—  Professor  Ansted's  description  of  a 
curious  phenomenon  at  Argostoli,  fil 

—  formation  of  reservoirs,  61 

—  rainfall  and  evaporation,  62. 

—  method  of  determining  the  rainfall, 
Gil 

—  Lough  Island  Rcavy,  or  Bann  river 
reservoirs,  75^  ZI 

—  Amount  of  rainfall  and  evaporation 
in  tropical  climates,  81 

—  weirs  or  dams,  g2 

—  conduits,  8J> 

—  statistics  of  the  Catrine  works,  8Z 

—  water  power  and  steam  power,  ex- 
penses of,  contrasted,  SI 

—  on  the  flow  and  discharge  of  water, 
and  the  est  imat  ion  of  water  power,  82. 

—  relations  between  pressure,  velocity, 
and  discharge  of  water,  82 

—  thick-lipped  orifices  or  mouth  pieces, 
21 

—  thin-lipped  orifices,  22 

—  discharge  with  incomplete  contrac- 
tion, 24 

—  discharge  from  rectangular  notches, 
waste  boards,  and  weirs,  9J> 

—  Mr.  Blackwell's  experiments,  26 

—  friction  of  fluids  in  conduits  and 
pipes,  22. 

—  flow  of  water  in  open  channels,  104 

—  estimation  of  water  power,  1Q6 
Water  gauges  of  boilers,  266 

Water  mills  for  grinding  corn,  history 
of,  4 

Water  wheel  of  the  woollen  mill  at 
Izmct,  465J,  4JiI 

—  of  the  Narva  mill,  HA 

Water  wheels,  on  the  construction  of, 
109 

—  clarification  of  water  machines,  Uiii 

—  vertical  water  wheel,  improvements 
in,  110. 

—  component  parts  of  water  wheels,!  11 

—  the  overshot  water  wheel,  119 

—  the  pitch-back  wheel,  122 

—  direction  of  tail-race,  122 

—  the  Catrine  high-breast  wheels,  124 

—  of  the  Deanston  works,  127 

—  -  ventilation  of  water  wheels,  130 

—  low-breast  ventilated  wheel,  133 
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Water  wheels — continued. 

—  high-breast  ventilated  wheel,  LU 

—  arrangement  of  gearing,  135 

—  speed  of  water  wheels,  135 

—  area  of  opening  of  bucket,  JL3i± 

—  the  shuttle,  131 

—  the  water-wheel  governor,  110 

—  table  of  proportions  of,  142.  113 

—  considerations  in  designing  water 
wheels,  144 

—  on  the  undershot  water  wheel,  145 

—  old  forms  of  undershot  wheels,  115 

—  improved  forms,  llfi 

—  Ponce  lot  wheel,  141 

—  turbines,  Lai 

Waterworks,  Shaw's,  at  Greenock,  67 
Watt's  parallel  motion,  to  construct,  23 

—  his  patent  for  the  prevention  of 
smoke,  2fi& 

Weaving,  history  of  the  process  of,  5 
Weaving  trade  of  Spital fields,  esta- 
blishment of  the,  5 
Wedge,  the,  or  movable  inclined  plane, 
48 

Weirs,  or  dams,  82 

—  Mr.  Black  well's  experiments  on  the 
discharge  of  water  from  weirs,  Uii 

—  table  of  coefficients  of  discharge 
from  weirs,  97 

—  table  of  examples  of  estimation  of 
discharge  from  weirs,  28 

—  table  of  discharge  over  a  thin- 
edged  notch,  or  weir,  for  every  foot 
in  breadth  of  the  stream  in  cubic 
feet  per  second,  28 

—  Mr.  Sang's  mode  of  measurement,  92 
Wheel- work  producing  motion  by  roll- 
ing contact  when  the  axes  of  motion 
are  parallel,  28 

—  idle  wheels,  42 

—  annular  wheels,  42 

—  concentric  wheels,  13 

—  when  the  axes  are  not  parallel  to 
each  other,  13 

—  face  wheel  and  lantern,  13 

—  crown  wheels,  43 

—  to  construct  bevel  wheels,  or  bevel 
gear,  when  the  axes  are  in  the  same 
plane,  44 

—  to  construct  bevel  gear  when  the 
axes  are  not  in  the  same  plane,  45 

—  variable  motions  produced  by  wheel- 
work  having  rolling  contact,  4fi 

—  Boomer's  wheels,  4fi 

—  intermittent  and  reciprocating  mo- 
tions, produced  by  wheel-work  hav- 
ing rolling  contact,  4Z 

—  the  rack  and  pinion,  1_S_ 

—  to  produce  a  ljoring  motion  by  a 
combination  of  the  screw  and  toothed 
wheel,  62 
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Wheel-work — continued. 

—  power  of  straps  compared  with  tint 
of  geared  wheel-work,  286 

—  history  of  toot  lied  wheels,  288 

—  Hero  of  Alexandria,  288 

—  Bamelii,  288 

—  introduction  of  cast-iron  gearing^ 

—  face  wheels  and  trundles,  22Q 

—  bevel  wheels,  290,  319 

—  causes  of  the  defects  of  wheel- wort. 

221 

—  cutting  machine  of  Messrs.  fas 
Fairbairn  6c  Co.  of  Leeds,  223 

—  definitions  of  spur  gearing,  294 

—  the  pitch  of  wheels,  22fi 

—  table  of  the  relation  of  diameter, 
pitch,  and  number  of  teeth,  forwhaeSi 
of  from  \  inch  to  5  inches  pitch,  aod 
from  12  to  200  teeth,  300,  301 

—  the  principles  which  determine  the 
proper  form  of  the  teeth  of  wheels. 
302 

—  epicycloidal  teeth,  302 

—  construction  of  epicvcloidal  teeth. 

—  the  rack,  308 

—  involute  teeth,  308 

—  Prof.  Willis's  method  of  striking the 
teeth  of  wheels,  311 

—  Prof.  Willis,  his  odontography  312 

—  general  form  and  proportion  d 
toothed  wheels,  315 

—  table  giving  the  proportions  of  ti* 
teeth  of  wheels  in  inches  and  thirry- 
seconds  of  an  inch,  218 

—  table  of  proportions  of  teeth  o£ 
wheels  for  average  practice,  Sir 

—  skew  bevel  wheels,  319 

—  worm  and  wheel,  323 

—  strength  of  the  teeth  of  wheels*  3£l 

—  table  of  thickness,  breadth,  and  pi:ci 
of  teeth  of  wheels,  325 

—  table  of  the  relation  of  horse  pn*v* 
transmitted,  and  velocity  at  thepitc: 
circle,  to  pressure  on  teeth,  321? 

—  table  showing  the  pitch  and  thick- 
ness of  teeth  to  transmit  a  gi«?z 
number  of  horse  power  at  differed 
velocities,  330 

—  table  showing  the  breadth  of  teeth  r- 
quired  to  transmit  different  amour  "> 
of  force  at  a  uniform  pressure  of 
lbs.  per  inch,  331 

—  water  wheel  at  the  woollen  mill  * 
Izmet,  465,  4fi2 

—  experiments  on  Mr.  Thomsoc'* 
vortex  wheel  at  Ballysillan.  to  dV 
termine  its  efficiency,  5it» 

Wheels  and  pulleys,  on,  285 
Whist lemouth,  or  Butterlev,  boiler,  25! 
252 
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Williams,  Mr.  Wye,  his  improvements 

in  boilers,  270 
Willis,  Prof.,  his  method  of  striking 

the  teeth  of  wheels,  211 

—  his  odontograph,  312 
Winding  and  warping  cotton,  4GI 
Windmills,  history  of,  271 

—  introduction  of,  into  England,  2Z1  ■ 

—  horizontal  mill  at  Dunbar,  273,  277 

—  difference  between  German  and 
Dutch  mills,  271 

—  of  Turkey  and  the  Crimea,  274^  215 

—  the  4  Moulin  Francais,'  275 

—  the  two  classes  of  windmills ;  hori- 
zontal and  vertical,  211 

—  objections  to  the  horizontal  mills, 
277 

—  Meikle's  improvements,  2ZS 

—  Smeaton's  experiments,  279,  283 

—  forms  and  proportions  of  sails,  282- 
284 

—  vertical  mills,  282 

—  regulation  of  the  speed  of  wind- 
mills, 284 

Wipers,  or  tappets,  53 
Wood  paper,  213 
Woolf  s  engine,  232 
Woollen  cloth,  history  of  the  manufac- 
ture of,  5j  6 

—  woollen  manufactures  of  the  Ro- 
mans, 6 

—  and  of  the  English  in  the  reign  of 
Edward  III.,  £ 

—  difference  between   woollen  and 
worsted  fabrics,  470 

—  Mr.  Edward  Baines's  paper  on  the 
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woollen  manufacture  of  Leeds  quoted, 

KM 

Woollen  mills,  165 

—  the  felting  process,  4JS5 

—  description  of  the  woollen  mills 
erected  for  the  Sultan  at  Izmct,  4t>."> 
et  $rq. 

—  water  wheel  and  mill-work,  467 

—  processes  pursued  in  a  woollen  mill, 
469 

—  lists  of  wheels  and  speeds,  and  of 
pulleys  and  speeds  of  machines,  472 

Worm  and  wheel,  the,  323 

Worsted  and  woollen  manufacture, 

value  of  the,  471 
Wrapping  connectors,  29j  285 

—  endless  cord  or  belt,  2_U 

—  speed  pulleys,  iiil 

—  guide  pulleys,  33 

—  to  prevent  wrapping  connectors  from 
slipping,  33 

—  systems  of  pulleys,  35 

—  to  produce  a  varying  velocity  ratio 
by  means  of  wrapping  connec- 
tors, 32 

—  power  of  straps  compared  with  that 
of  geared  wheel- work,  286 

—  table  of  the  approximate  width  of 
leather  straps  in  inches  necessary 
to  transmit  any  number  of  horse 
power,  231 

YARMOUTH,  Great,  windmills  of, 
281 


■POTTiawootiic  A»r»  «.»».,  *r.w-»Tii»cfcT  -v  akk 
*su  rxui.ixur.xT  mnv.r.r 


SEPTEMBER  1877 


CLASSIFIED  LISTS  OF  BOOKS 


(NEW  WORKS  and  NEW  EDITIONS) 


MISCELLANEOUS 


GENERAL  LITERATURE 


FOLLOWED  BT 


AN  ALPHABETICAL  INDEX  UNDER  AUTHORS'  NAMES 


London 

Longmans,  Green  & 

Paternoster  Row 
1877. 


Co 


Hpitized  b 


itized  by  Google 


ANCIENT   HISTORICAL  EPOCHS. 
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Now  in  course  of  publication,  uniform  with  Epochs  of  Modern  History, 

each  volume  complete  in  itself, 

EPOCHS  OF  ANCIENT  HISTORY: 

A  Series  of  Books  Narrating  the  History  of  Greece  and  Rome  and  of  their 
Relations  to  other  Countries  at  Successive  Epochs. 

Edited  by  tbo  Rev.  GEORGE  W.  COX,  MJL  late  Scholar  of  Trin.  Coll.  Oxford; 
and  jointly  by  CHARLES  SANKEY,  M.A.  late  Scholar  of  Queen's  Coll.  Oxford. 


1  The  special  purpose  for  which  these 
manuals  aro  intended,  they  will  wo 
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didks.  A 8  for  the  general  plan  of  the 
series  of  which  the}*  form  part,  we  must 
confess,  without  wishing  to  draw  com- 
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MENTAL  and  POLITICAL  PHILOSOPHY. 


Comte's  System  of  Posi- 
tive Polity,  or  Treatise  upon  Socio- 
logy. Translated  from  the  Paris 
Edition  of  1851-1S54,  and  furnished 
with  Analytical  Tables  of  Contents  : — 

Vol.  I.  General  View  of  Positivism  and 

Introductory  Principles.  Translated  by 
J.  II. -Bridges,  M.B.    8vo.  price  211. 

Vol.  II.  The  Social  Statics,  or  the 

Abstract  Laws  of  Human  Order.  Trans- 
lated by  F.  Harrison,  M.A.    8vo.  14J. 

Vol.  III.  The  Social  Dynamics,  or 

the  General  Laws  of  Human  Progress  (the 
Philosophy  of  History).  Translated  by 
E.  S.  Beesly,  M.A.    8vo.  21s. 

Vol.  IV.  The  Theory  of  the  Future 

of  Man  ;  together  with  COMTE'S  Early 
Essays  on  Social  Philosophy.  Translated 
by  R.  Congreve,  M.D.  and  H.  D. 
IIutton,  B.A.    8vo.  24J. 

Democracy  in  America. 

By  Alexis  de  Tocqueville.  Tran- 
slated by  HENRY  Reeve,  Esq.  Two 
vols,  crown  Svo.  I  6s. 


Essays,  Critical  and  Bio- 
graphical. By  Henry  Rogers.  2 

vols,  crown  Svo.  I2.r. 

Essays  on  some  Theolo- 
gical Controversies  of  the  Time. 

By  Henry  Rogers.    Crown  Svo.  6s. 

On  Representative  Go- 
vernment  By  John  Stuart  Mill. 

Crown  Svo.  2s. 

On    Liberty.     By  John 

STUART  Mill.  Post  Svo.  js,  6d. 
crown  Svo.  If.  4//. 

Principles   of  Political 

Economy.  By  John  Stuart  Mill. 
2  vols.  8vo.  30J.  or  1  vol  crown  8vo.  5*. 

Essays  on  some  Unset- 
tied  Questions  of  Political  Economy. 

By  John  Stuart  Mill.    8vo.  6s.  6d. 

Utilitarianism.    By  John 

Stuart  Mill.   8vo.  5/. 
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A  System  of  Logic,  Ra- 

tiocinative  and  Inductive.  By  John 
Stuart  Mill.    2  vols.  8vo.  25*. 

Examination  of  Sir  Wil- 
liam Hamilton's  Philosophy,  and  of 

the  principal  Philosophical  Questions 
discussed  in  his  Writings.  By  John 
Stuart  Mill.    8vo.  i6j. 

Dissertations  and  Dis- 
cussions. By  John  Stuart  Mill. 

4  vols.  8vo.  price  £2.  (>s.  dd. 

Analysis  of  the  Pheno- 
mena of  the  Human  Mind.  By 

James  Mill.  With  Notes,  Illustra- 
tive and  Critical.    2  vols.  8vo.  2%s. 

The  Law  of  Nations  con- 
sidered as  Independent  Political 
Communities ;  the  Rights  and  Duties 
of  Nations  in  Time  of  War.  By  Sir 
Travers  Twiss,  D.C.L.   8vo.  21s. 

Church  and  State ;  their 

Relations  Historically  Developed.  By 
H.  Geffcken,  Prof,  of  International 
Law  in  the  Univ.  of  Strasburg.  Trans- 
lated, with  the  Author's  assistance,  by 
E.  F.  Taylor.    2  vols.  8vo.  42s. 

A  Systematic  View  of  the 

Science  of  Jurisprudence.  By  S  h  el- 
don  Amos,  M.A.    8vo.  i8x. 

A  Primer  of  the  English 

Constitution  and  Government  By 

S.  Amos,  M.  A.    Crown  8vo.  6s. 

Outlines  of  Civil  Proce- 
dure ;  a  General  View  of  the  Supreme 
Court  of  Judicature  and  of  the  whole 
Practice  in  the  Common  Law  and 
Chancery  Divisions.  By  E.  S.  Ros- 
COE,  Barrister-at-Law.    i2mo.  y.  6d. 

A  Sketch  of  the  History 

of  Taxes  in  England  from  the 
Earliest  Times  to  the  Present  Day. 
By  Stephen  Do  well.  Vol.  I.  to 
the  Civil  War  1642.    8vo.  ioj.  6d. 

Principles  of  Economical 

Philosophy.  By  H.  D.  Macleod, 
M.A.  Barrister-at-Law.  Second  Edi- 
tion in  Two  Volumes.  Vol.  I.  8vo. 
\$s.   Vol.  II.  Part  i.  price  12s. 


The  Institutes  of  Jus- 
tinian; with  English  Introduction, 
Translation,  and  Notes.  By  T.  C. 
Sandars,  M.A.    8vo.  18/. 

Lord  Bacon's  Works,  col- 
lected &  edited  by  R.  L.  Ellis,  M.A. 
J.  Spedding,  M.A.  and  D.  D.  Heath. 
7  vols.  8vo.  jCZ-  *y-  M. 

Letters  and  Life  of  Fran- 
cis Bacon,  including  all  his  Occasional 
Works.  Collected  and  edited,  with  a 
Commentary,  by  J.  Spedding.  7  vols. 
8vo.  £4.  4/. 

The  Nicomachean  Ethics 

of  Aristotle,  newly  translated  into 
English  by  R.  \V  1  lli ams,  B.  A.  Second 
Edition.    Crown  8vo.  7s.  6d. 

Aristotle's  Politics,  Books 

I.  III.  IV.  (VII.)  the  Greek  Text  of 
B-kker,  with  an  English  Translation 
by  W.  E.  BOLLAND.  M.A.  and  Short 
Introductory  Essays  by  A.  Lang,  M.A- 
Crown  Svo.  Is.  6d. 

The  Politics  of  Aristotle; 

Greek  Text,  with  English  Notes.  By 
Richard  Congreve,  M.A.  Svo.  iSj. 

The  Ethics  of  Aristotle; 

with  Essays  and  Notes.  By  Sir  A 
Grant,  Bart.  LL.D.  2  vols.  8vo.  p- 

Bacon's  Essays,  with  An- 
notations. By  R.  Whately,  D.D. 
8vo.  1  or.  6d. 

Picture  Logic ;  an  Attempt 

to  Popularise  the  Science  of  Reasoning. 
By  A.  Swinbourne,  B.A.  Fcp.Svo.  y. 

Elements  of  Logic.  By 

R.  Whately,  D.D.  8vo.  10/.  6i. 
Crown  Svo.  4/.  6d. 

Elements   of  Rhetoric. 

By  R.  Whately,  D.D.  8vo.  10/.  W 
Crown  8vo.  4*.  6d. 

An  Introduction  to  Men- 
tal Philosophy,  on  the  Inductive 
Method.  By  J.  D.  Morell,  LL.D 
8vo.  12s. 

Philosophy  Without  As- 
sumptions. By  the  Rev.  T.  P.  Kid- 
man, F.R.S.    8vo.  las.  6d. 
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The  Senses  and  the  In- 
tellect By  A.  Bain,  LL.D.  8vo.  15*. 

The  Emotions  and  the 

Will.    By  A.  Bain,  LL.D.  8vo.  15^. 

Mental  and  Moral  Sci- 
ence ;  a  Compendium  of  Psychology 
and  Ethics.  By  A.  Bain,  LL.D. 
Crown  8vo.  lev.  6d.  Or  separately, 
Part  I.  Mental  Science,  6s.  6d.  Part 
II.  Moral  Science,  4s.  6a*. 

An  Outline  of  the  Neces- 
sary Laws  of  Thought :  a  Treatise 
on  Pure  and  Applied  Logic.  By  \V. 
Thompson,  D.D.  Archbishop  of  York. 
Crown  8vo.  6s. 


On  the  Influence  of  Au- 
thority in  Matters  of  Opinion.  By 

the  late  Sir.  G.  C.  Lewis,  Bart.  8vo.  14J. 


Hume's  Treatise  on  Hu- 
man Nature.  Edited,  with  Notes,  &c. 
by  T.  H.  Green,  M.A.  and  the  Rev. 
T.  H.  Grose,  M.A.    2  vols.  8vo.  2&r. 


Hume's  Essays,  Moral, 

Political,  and  Literary.  By  the  same 
Editors.    2  vols.  8vo.  28/. 

*#*  The  above  form  a  complete  and  uni- 
form Edition  of  Hume's  Philosophical 
Works. 


MISCELLANEOUS  & 

The  London  Series  of 

English  Classics.    Edited  by  John 

\V.  Hales,  M.A.  and  by  Charles  S. 

Jerram,  M.A.    Fcp.  8vo.  in  course 

of  publication  :  — 
Bacon's   Essays,  annotated  by  E.  A. 

Abbot,  D.D.    2  vols.  6s. 
Macaulay's  Clive,  by  H.  C.  Bowen, 

M.A.    2s.  6<i. 
Marlowe's  Doctor  Faustus,  by  W. 

Wagner,  Ph.D.  2s. 
Wilton's  Paradise  Regained,  by  C.  S. 

Jerram,  M.A.    zs.  6d. 
5ope*s  Select  Poems,  by  T.  Arnold, 

M.A.    2s.  6ti. 
Jen  Jonson's  Every    Man    in  his 

Humour,    by  H.   B.  Wheatley, 

F.S.A.    2s.  6d. 

Vlesmerism,  Spiritualism 

Sec.  Historically  and  Scientifically 
Considered..  By  W.  B.  Carpenter, 
C.  B.  M.  D.  LL.  D.  F.  R.  S.  &c.  Second 
Edition.    Crown  8vo.  $s. 

ivenings  with  the  Skep- 
tics ;  or,  Free  Discussion  on  Free 
Thinkers.  By  John  Owen,  Rector 
of  East  Anstey,  Devon.    Crown  8vo. 

[Just  ready. 

►elections  from  the  Wri- 
tings of  Lord  Macaulay.  Edited, 
with  Occasional  Explanatory  Notes, 
by  G.  O.Trevelyan,  M. P.  Cr.  8vo.  6s. 


CRITICAL  WORKS. 

Lord  Macaulay's  Miscel- 
laneous Writings. 

Library  Edition,  2  vols.  8vo.  21s. 
People's  Edition,  i  vol.  cr.  8vo.  45- 

Lord  Macaulay's  Miscel- 
laneous Writings  and  Speeches.' 

Student's  Edition.    Crown  8vo.  6s. 

Speeches  of  the  Right 

Hon.  Lord  Macaulay,  corrected  by 
Himself.   Crown  8vo.  3/.  6d. 

The  Rev.  Sydney  Smith's 

Essays  contributed  to  the  Edinburgh 
Review.  Crown  8vo.  2s.  6d.  sewed, 
3s.  6d.  cloth. 

The  Wit  and  Wisdom  of 

the  Rev.  Sydney  Smith.  Crown 
8vo.  3*.  6d. 

Miscellaneous  and  Post- 
humous Works  of  the  late  Henry 
Thomas  Buckle.  Edited,  with  a 
Biographical  Notice,  by  Helen 
Taylor.   3  vols.  8vo.  £2.  12s.  6d. 

Short  Studies  on  Great 

Subjects.  By  J.  A.  Frotjde,  M.A. 
3  vols,  crown  8vo.  I  %s. 
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Manual  of  English  Lite- 
rature, Historical  and  Critical.  By 

T.  Arnold,  M.  A.    Crown  8vo.  "js.  6ti. 

German  Home  Life ;  a 

Series  of  Essays  on  the  Domestic  Life 
of  Germany.    Crown  8vo.  6s. 

Miscellaneous  Works  of 

Thomas  Arnold,  D.D.  late  Head 
Master  of  Rugby  School.    8vo.  Js.  bti. 

Realities  of  Irish  Life. 

By  W.  Steuart  Trench.  Crown 
8vo.  2s.  6d.  sewed,  or  3*.  6d.  cloth. 

Lectures  on  the  Science 

of  Language.  Ry  F.  Max  Muller, 
M.A.    2  vols,  crown  8vo.  i6s. 

Chips  from   a  German 

Workshop  ;  Essays  on  the  Science  of 
Religion,  and  on  Mythology,  Traditions 
&  Customs.  Ry  F.  Max  Mt'LLER, 
M.A.    4  vols.  Svo.  £2.  \%s. 

Chapters  on  Language. 

By  F.  W.  FARRAR,  U.  D.  Crown  Svo. 
price  $s. 

Families  of  Speech.  Four 

Lectures  delivered  at  the  Royal  Insti- 
tution. By  F.  W.  Farrar,  D.D. 
Crown  8vo.  3s.  6d. 

Apparitions ;  a  Narrative  of 

Facts.  By  the  Rev.  B.  W.  SAVJLE, 
M.A.    Crown  Svo.  4/.  6d. 


Miscellaneous  Writings 

of  John  Conington,  M.A.  Edited 
by  J.  A.  Symonds,  M.A.  With  a 
Memoir  by  H.  J.  S.  Smith,  M.A. 
2  vols.  Svo.  28/. 

The  Essays  and  Contri- 
butions of  A.  K.  H.  B.  Uniform 
Cabinet  Editions  in  crown  Svo. 

Recreations  of  a  Country  Parson,  Two 

Series,  3s.  6d.  each. 


.  cs,  Churches,  and  Moralities, 

price  3j.  6d. 

Seaside  Musings,  3s.  6d. 

Changed    Aspects    of  Unchanged 
Truths,  3-r.  6d. 

Counsel  and  Comfort  from  a  City 
Pulpit,  y.  6d.  3 

Lessons  of  Middle  Age,  3s.  6a. 

Leisure  Hours  in  Town,  3/.  6d. 

Autumn  Holidays  of  a  Country  Parson, 

price  3J.  bd. 

Sunday  Afternoons   at   the  Parish 
Church  of  a  University  City,  3s.  6d. 

The   Commonplace    Philosopher  in 
Town  and  Country,  3*.  6d. 

Present-Day  Thoughts,  3s.  6d. 

Critical  Essays  of  a  Country  Parson, 

price  3J.  6d. 

The  Graver  Thoughts  of  a  Country 
Parson,  Three  Series,  3s.  6tf.  each. 


DICTIONARIES   and   OTHER   BOOKS  of 

REFERENCE. 


Dictionary  of  the  English 

Language.  By  R.  G.  Latham, 
M.A.  M.D.  Abridged  from  Dr. 
Latham's  Edition  of  Johnson's  English 
Dictionary.    Medium  8vo.  24J. 

A  Dictionary  of  the  Eng- 
lish Language.  By  R.  G.  Latham, 
M.A.  M.D.  Founded  on  the  Dic- 
tionary of  Dr.  S.  Johnson,  as  edited 
by  the  Rev.  H.  J,  Todd,  with 
numerous  Emendations  and  Additions. 
4  vols.  4to.  £7. 


Thesaurus    of  English 

Words  and  Phrases,  classified  and 
arranged  so  as  to  facilitate  the  expres- 
sion of  Ideas,  and  assist  in  Literary 
Composition.  By  P.  M.  Rocet, 
M.D.    Crown  Svo.  ioj.  6V. 

Handbook  of  the  English 

Language.  For  the  Use  of  Students 
of  the  Universities  and  the  Higher 
Classes  in  Schools.  By  R.  G.  La- 
tham, M.A.  M.D.    Crown  Svo.  6s. 
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A  Practical  Dictionary  of 

the  French  and  English  Languages. 

By  Leon  Contanseau,  many  years 
French  Examiner  for  Military  and 
Civil  Appointments,  &c.  Post  Svo. 
price  7s.  6d. 

Contanseau's  Pocket 

Dictionary,  French  and  English, 
abridged  from  the  Practical  Dictionary 
by  the  Author.    Square  18mo.3j.6t/. 

A  New  Pocket  Diction- 
ary of  the  German  and  English 
Languages.  By  F.  W.  Longman, 
Balliol  College,  Oxford.  Square 
i8mo.  price  $s. 

A  Practical  Dictionary 

of  the  German  Language  ;  German- 
English  and  English-German.  By 
Rev.  W.  L.  Blackley,  M.A.  and  Dr. 
C.  M.  Friedlander.  Post  Svo.  7  s.  bd. 

A  Dictionary  of  Roman 

and  Greek  Antiquities.  With  2,000 
Woodcuts  illustrative  of  the  Arts  and 
Life  of  the  Greeks  and  Romans.  By 
A.  Rich,  B.A.    Crown  Svo.  7s.  (hi. 

The  Critical  Lexicon  and 

Concordance  to  the  English  and 
Greek  New  Testament;  together 
with  an  Index  of  Greek  Words  and 
several  Appendices.  By  the  Rev.  E. 
W.  Bullinger,  St.  Stephen's,  Wal- 
thamstow.    Medium  8vo.  30*. 

A  Greek-English  Lexi- 
con. By  H.  G.  Liudell,  D.D.  Dean 
of  Christ  church,  and  R.  Scott,  D.D. 
Dean  of  Rochester.    Crown  4to.  36*. 

A  Lexicon,  Greek  and 

English,  abridged  for  Schools  from 
Liddell  and  Scott's  Greek-English 
Lexicon.    Square  i2mo.  7s.  6d. 

An  English-Greek  Lexi- 

con,  containing  all  the  Greek  Words 
used  by  Writers  of  good  authority.  By 
C.  D.  Yonge,  M.A.    410.  21s. 

Mr.   Yonge's  Lexicon, 

English  and  Greek,  abridged  from  his 
larger  Lexicon.    Square  i2mo.  &s.  6d. 


English  Synonymes.  By 

E.  J.    WHATELY.      Edited   by  R. 
Whately,  D.D.    Fcp.  8vo.  y. 

A  Latin-English  Diction- 
ary. By  John  T.  White,  D.D. 
Oxon.  and  J.  E.  Riddle,  M.A.  Oxon. 
Sixth  Edition,  revised.    1  vol.  4to.  28s. 

White's  College  Latin- 

English  Dictionary;  abridged  from 
the  Parent  Work  for  the  use  of  Uni- 
versity Students.    Medium  8vo.  i$s. 

A  Latin-English  Diction- 

ary  adapted  for  the  use  of  Middle- 
Class  Schools.  By  John  T.  White, 
D.  D.  Oxon.    Square  fcp.  8vo.  $s. 

White's  Junior  Student's 

Complete  Latin-English  and  Eng- 
lish-Latin Dictionary.  Square  i2mo. 
price  12s. 

« 

M  'Culloch's  Dictionary, 

Practical,  Theoretical,  and  Historical, 
of  Commerce  and  Commercial  Navi- 
gation. Re-edited  and  corrected  to 
1876  by  Hugh  G.  Reid,  Assistant- 
Comptroller  H.  H.  Stationery  Office. 
With  11  Maps  and  30  Charts.  Svo. 
price  631. 

A  General  Dictionary  of 

Geography,  Descriptive,  Physical, 
Statistical,  and  Historical  ;  forming  a 
complete  Gazetteer  of  the  World.  By 
A.  Keith  Johnston.  New  Edition 
(1877).    Medium  8vo.  42s. 

The  Public  Schools  Atlas 

of  Ancient  Geography,  in  28  entirely 
new  Coloured  Maps.  Edited  with  an 
Introduction  by  the  Rev.  G.  Butler, 
M.A.  In  imperial  8vo.  or  imperial  4to. 
price  7s.  6d.  cloth. 

Public  Schools  Atlas 

of  Modern  Geography,  in  31  entirely 
new  Coloured  Maps.  Edited  with  an 
Introduction  by  Rev.  G.  Butler,  M.A. 
Imperial  8vo.  or  imperial  4to.  $s. 
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ASTRONOMY  and 

The  Universe  and  the 

Coming  Transits;  Researches  into 
and  New  Views  respecting  the  Con» 
stitution  of  the  Heavens.  By  R.  A. 
Proctor,  B.A.  With  22  Charts  and 
22  Diagrams.    8vo.  ids. 

Saturn  and  its  System. 

By  R.  A.  Proctor,  B.A.    8vo.  with 
14  Plates,  14J. 

The  Transits  of  Venus ; 

A  Popular  Account  of  Past  and  Coming 
Transits.  By  R.  A.  Proctor,  B.A. 
20  Plates  (12  Coloured)  and  27  Wood- 
cuts.   Crown  8vo.  8r.  tW. 

Essays   on  Astronomy. 

A  Series  of  Papers  on  Planets  and 
Meteors,  the  Sun  and  Sun -surrounding 
Space,  Star  and  Star  Cloudlets.  By 
R.  A.  Proctor,  B.A.  With  10  Plates 
and  24  Woodcuts.    8vo.  12s. 

The  Moon  ;  her  Motions, 

Aspects,  Scenery,  and  Physical  Con- 
dition. By  R.  A.  Proctor,  B.A. 
With  Plates,  Charts,  Woodcuts,  and 
Lunar  Photographs.    Crown  8vo.  15J. 

The  Sun ;  Ruler,  Light,  Fire, 

and  Life  of  the  Planetary  System.  By 
R.  A.  Proctor,  B.A.  With  Plates  & 
Woodcuts.    Crown  8vo.  14*. 

The  Orbs  Around  Us ; 

a  Series  of  Essays  on  the  Moon  & 
Planets,  Meteors  &  Comets,  the  Sun  & 
Coloured  Pairs  of  Suns.  By  R.  A. 
Proctor,  B.A.  With  Chart  and  Dia- 
grams.   Crown  8vo.  Js.  6J. 

Other  Worlds  than  Ours ; 

The  Plurality  of  Worlds  Studied  under 
the  Light  of  Recent  Scientific  Re- 
searches. By  R.  A.  Proctor,  B.A. 
With  14  Illustrations.   Cr.  8vo.  lax.  6d. 

Outlines  of  Astronomy. 

By  Sir  J.  F.  W.  Hersciiel,  Bart.  M.  A 
Latest  Edition,  with  Plates  and  Dia- 
grams.   Square  crown  Svo.  12s. 


METEOROLOGY. 

The  Moon,  and  the  Con- 
dition and  Configurations  of  its  Surface. 
By  E.  Neison,  F.R.A.S.  With  26 
Maps  &  5  Plates.  Medium  8vo.  31*.  6d. 


Celestial     Objects  for 

Common  Telescopes.    By  T.  W. 

Webb,  M.A.  With  Map  of  the  Moon 
and  Woodcuts.    Crown  Svo.  Js.  6d. 

A  New  Star  Atlas,  for  the 

Library,  the  School,  and  the  Obser- 
vatory, in  12  Circular  Maps  (with  2 
Index  Plates).  By  R.  A.  Proctor, 
B.  A.    Crown  8vo.  $s. 

Larger  Star  Atlas,  for  the 

Library,  in  Twelve  Circular  Maps, 
photolithographed  by  A.  Brothers, 
F.R.A.S.  With  Introduction  and  2 
Index  Plates,  By  R.  A.  Proctor, 
B.A.    Folio,  2$s. 


Dove's  Law  of  Storms, 

considered  in  connexion  with  the 
Ordinary  Movements  of  the  Atmo- 
sphere. Translated  by  R.  H.  Scott, 
M.A.    8vo.  ioj.  td. 

Air  and  Rain ;  the  Begin- 

nings  of  a  Chemical  Climatology.  By 
R.  A.  Smith,  F.R.S.   8vo.  24J. 


Air  and  its  Relations  to 

Life,  1 774-1874;  a  Course  of  Lec- 
tures delivered  at  the  Royal  Institution. 
By  W.  N.  Hartley,  F.  C.  S.  With  66 
Woodcuts.    Small  8vo.  6s. 


Schellen's  Spectrum 

Analysis,  in  its  Application  to  Terres- 
trial Substances  and  the  Physical 
Constitution  of  the  Heavenly  Bodies. 
Translated  by  Jane  and  C.  Lassell, 
with  Notes  by  W.  Huggins,  LLD. 
F.  R.  S.  8vo.  Plates  and  Woodcuts,  28/. 
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Professor  Helmholtz' 

Popular  Lectures  on  Scientific  Sub- 
jects. Translated  by  E.  Atkinson, 
F.  C.  S.  With  numerous  Wood  Engrav- 
ings.   8vo.  12s.  6d. 

On   the   Sensations  of 

Tone,  as  a  Physiological  Basis  for  the 
Theory  of  Music.  By  H.  Helmholtz, 
Professor  of  Physiology  in  the  Uni- 
versity of  Berlin.  Translated  by  A.  J. 
Ellis,  F.R.S.    8vo.  36/. 

Ganot's  Natural  Philo- 
sophy for  General  Readers  and 
Young  Persons  ;  a  Course  of  Physic* 
divested  of  Mathematical  Formulae  and 
expressed  in  the  language  of  daily  life. 
Translated  by  E.  ATKINSON,  F.C.S. 
Second  Edition,  with  2  Plates  and  429 
Woodcuts.    Crown  8vo.  Js.  6d. 

Ganot's  Elementary 

Treatise  on  Physics,  Experimental 
and  Applied,  for  the  use  of  Colleges 
and  Schools.  Translated  and  edited 
by  E.  Atkinson,  F.C.S.  Seventh 
Edition,  with  4  Coloured  Plates  and 
758  Woodcuts.    Post  8vo.  15J. 

Arnott's  Elements  of  Phy- 
sics or  Natural  Philosophy.  Seventh 
Edition,  edited  by  A.  Bain,  LL.I).  and 
A.  S.  Taylor,  M.D.  F.R.S.  Crown 
8vo.  Woodcuts,  1 2 j.  6d. 

The  Correlation  of  Phy- 
sical Forces.  By  the  Hon.  Sir  W. 
R.  Grove,  F.R.S.  &c.  Sixth  Edition, 
revised  and  augmented.    8vo.  15*. 

Weinhold's  Introduction 

to  Experimental  Physics;  including 
Directions  for  Constructing  Physical 
Apparatus  and  for  Making  Experiments. 
Translated  by  B.  Loewy,  F.R.A.S. 
With  a  Preface  by  G.  C.  Foster,  F.R.S. 
8vo.  Plates  &  Woodcuts  31/.  6d. 

Principles  of  Animal  Me- 
chanics. By  the  Rev.  S.  Haughton, 
F.R.S.    Second  Edition.    8vo.  2U. 

Fragments  of  Science. 

By  John  Tyndall,  F.R.S.  Fifth 
Edition,  with  a  New  Introduction. 
Crown  8vo.  ioj.  6d. 


Heat  a  Mode  of  Motion. 

By  John  Tyndall,  F.R.S.  Fifth 
Edition,  Plate  and  Woodcuts.  Crown 
8vo.  ioj.  6a. 

Sound.  By  John  Tyndall, 

F.R.S.  Third  Edition,  including 
Recent  Researches  on  Fog- Signalling  ; 
Portrait  and  Woodcuts.  Crown  8vo. 
price  1  Of.  6d. 

Researches  on  Diamag- 

netismand  Magne-CrystallicAction; 

including  Diamagnetic  Polarity.  By 
John  Tyndall,  F.R.S.  With  6 
Plates  and  many  Woodcuts.    8vo.  14/. 

Contributions  to  Mole- 
cular Physics  in  the  domain  of  Ra- 
diant Heat  By  John  Tyndall, 
F.  R.  S.  With  2  Plates  and  3 1  Wood- 
cuts.    8vo.  i6j. 

Six  Lectures  on  Light, 

delivered  in  America  in  1872  and  1873. 
By  John  Tyndall,  F.R.S.  Second 
Edition,  with  Portrait,  Plate,  and  59 
Diagrams.    Crown  8vo.  7s.  6d. 

Lessons  in  Electricity  at 

the  Royal  Institution,  1875-6.  By 

John  Tyndall,  D. C.  L.  LL.  D.  F. R. S. 
Professor  of  Natural  Philosophy  in  the 
Royal  Institution  of  Great  Britain. 
With  58  Woodcuts.    Cr.  8vo.  2j.  6d. 

Notes  of  a  Course  of 

Seven  Lectures  on  Electrical  Phe- 
nomena and  Theories,  delivered  at 
the  Royal  Institution.  By  John  Tyn- 
dall,  F.R.S.  Crown  8vo.  is.  sewed, 
or  1  j.  6d.  cloth. 

Notes  of  a  Course  of  Nine 

Lectures  on  Light,  delivered  at  the 
Royal  Institution.  By  John  Tyndall, 
F.R.S.  Crown  8vo.  IX.  sewed,  or 
is.  6d.  cloth. 

A  Treatise  on  Magnet- 
ism, General  and  Terrestrial.  By  H. 
Lloyd,  D.D.  D.C.L.    8vo.  ioj.  6d. 

Elementary  Treatise  on 

the  Wave-Theory  of  Light.  By 

H.  Lloyd,  D.  D.  D.  C.  L.  8vo.  ioj.  6d. 
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Text-Books  of  Science, 

Mechanical  and  Physical,  adapted  for 
the  use  of  Artisans  and  of  Students  in 
Public  and  Science  Schools.  Small 
8vo.  with  Woodcuts,  &c. 

Anderson's  Strength  of  Materials,  3-r.  6d. 

Armstrong's  Organic  Chemistry,  3;.  6d. 

Barry's  Railway  Appliances,  3/.  6d. 

Bloxam's  Metals,  3;.  (hi. 

Goodeve's  Mechanics,  3*.  6d. 

  Mechanism,  3*.  &/. 

Gore's  Electro-Metallurgy,  6s. 

Griffin's  Algebra  &  Trigonometry,  3/6. 

Jenkin's  Electricity  &  Magnetism,  3  6. 

Maxwell's  Theory  of  Heat,  3*.  (x/. 

Merrifield's  Technical  Arithmetic,  3/.  6d. 

Miller's  Inorganic  Chemistry,  3*.  6d. 

Preece  &  Sivewright's  Telegraphy,  3,6. 

Shelley's  Workshop  Appliances,  3/  6d. 

Thom6's  Structural  and  Physiological 
Botany,  6s. 

Thorpe's  Quantitative  Analysis,  4s.  6d. 

Thorpe  &  Muir*s  Qualitative  Analysis, 

price  3*.  6d. 

Til  den's  Systematic  Chemistry,  p.  6d. 
Unwin's  Machine  Design,  3/.  6d. 
Watson's  Plane  &  Solid  Geometry,  3  6. 

The  Comparative  Ana- 
tomy and  Physiology  of  the  Verte- 
brate Animals.  By  Richard  Owen, 
F.R.S.  With  1,472  Woodcuts.  3 
vols.  8vo.  £z.  135.  6d. 

Kirby  and  Spence's  In- 
troduction to  Entomology,  or  Ele- 
ments of  the  Natural  History  of  Insects. 
Crown  Svo.  5s. 

Light  Science  for  Leisure 

Hours;  Familiar  Essays  on  Scientific 
Subjects,  Natural  Phenomena,  &c. 
By  R.  A.  Proctor,  B.A.  2  vols, 
crown  8vo.  "js.  6d.  each. 

Homes  without  Hands ; 

a  Description  of  the  Habitations  of 
Animals,  classed  according  to  their 
Principle  of  Construction.  By  the  Rev. 
T.  G.  Wood,  M.A.  With  about  140 
Vignettes  on  Wood.    8vo.  14J. 


Strange  Dwellings;  a  De- 
scription of  the  Habitations  of  Animals, 
abridged  from  •  Homes  without  Hands.' 
By  the  Rev.  J.  G.  Wood,  M.A.  With 
Frontispiece  and  60  Woodcuts.  Crown 
8vo.  7s.  6d 

Insects  at  Home ;  a  Popu- 
lar Account  of  British  Insects,  their 
Structure,  Habits,  and  Transforma- 
tions. By  the  Rev.  J.  G.  Wood,  M.A. 
With  upwards  of  700  Woodcuts.  8m 
price  I4f. 

Insects  Abroad ;  being  a 

Popular  Account  of  Foreign  Insects, 
their  Structure,  Habits,  and  TranJ- 
formations.  By  the  Rev.  J.  G.  Wood, 
M.A.  With  upwards  of  700  Wood- 
cuts.   8vo.  14J. 

Out  of  Doors  ;  a  Selection 

of  Original  Articles  on  Practical 
Natural  History.  By  the  Rev.  J.  G. 
Wood,  M.A.  With  6  Illustrations. 
Crown  8vo.  7s.  6d. 

Bible  Animals ;  a  Descrip- 

tion  of  every  Living  Creature  mentioned 
in  the  Scriptures,  from  the  Ape  to  the 
Coral.  By  the  Rev.  J.  G.  Wood,  M.A. 
With  112  Vignettes.    8vo.  \\s.  , 

The  Polar  World  :  a  Pop- 

ular  Description  of  Man  and  Nature  in 
the  Arctic  and  Antarctic  Regions  of  the 
Globe.  By  Dr.  G.  Hartwic.  With 
Chromoxylographs,  Maps,  and  Wood- 
cuts.   8vo.  1  or.  6d. 

The  Sea  and  its  Living 

Wonders.  By  Dr.  G.  Hartwic 
Fourth  Edition,  enlarged.  Svo.  with 
numerous  Illustrations,  iox.  &/. 

The  Tropical  World.  By 

Dr.  G.  Hartwic.  With  about  200 
Illustrations.    8vo.  ioj.  6d. 

The  Subterranean 

World.  By  Dr.  G.  Hartwjg.  With 
Maps  and  W'oodcuts.    Svo.  ioj.  61  » 

The  Aerial  World ;  a  Por> 

ular  Account  of  the  Phenomena  and 
Life  of  the  Atmosphere.  By  Dr. 
G.  Hartwic.  With  Map,  8  Chromo- 
xylographs &  60  Woodcuts. 8vo.  ioj.  6d. 
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A  Familiar  History  of 

Birds.  By  K.  Stanley,  D.D.  late 
Bishop  of  Norwich.  Fcp.  Svo.  with 
Woodcuts,  3s.  6V. 

The  Geology  of  England 

and  Wales;  a  Concise  Account  of 
the   Lithological  Characters,  Leading 
Fossils,  and  Economic  Products  of  the 
Rocks.  By  H.  B.  Woodw  ard,  F.G.S. 
Crown  Svo.  Map  &  Woodcuts,  14,. 

The  Primaeval  World  of 

Switzerland  By  Professor  Oswal 
Heer,  of  the  University  of  Zurich. 
Edited  by  James  Heywood,  MA. 
F.R.S.  President  of  the  Statistical 
Society.  With  Map,  19  Plates,  &  372 
Woodcuts.    2  vols.  Svo.  28j. 

The  Puzzle  of  Life  and 

How  it  Has  Been  Put  Together  :  a 

Short  History  of  Vegetable  and  Animal 
Life  upon  the  Earth  from  the  Earliest 
Times;  including  an  Account  of  Pre- 
Historic  Man,  his  Weapons,  Tools,  and 
Works.  By  A.  Nicols,  F.R.Q  S.  With 
12  Illustrations.    Crown  Svo.  3*.  6U. 

The  Origin  of  Civilisa- 
tion, and  the  Primitive  Condition  of 

Man  ;  Mental  and  Social  Condition  of 
Savages.  By  Sir  J.  Luuhock,  Bart. 
M.I.  F.R.S.  Third  Edition,  with  2? 
Woodcuts.    8vo.  iSj. 

The  Ancient  Stone  Im- 
plements, Weapons,  and  Ornaments 
of  Great  Britain.  By  John  Evans, 
P .  R.  S.  With  2  Plates  and  476  Wood- 
cuts.    8vo.  28j. 

The  Elements  of  Botany 

for  Families  and  Schools.  Eleventh 
Edition,  revised  by  Thomas  Moore, 
F.L.S.   Fcp.  8vo.  Woodcuts,  2s.  dd. 


The     Rose  Amateur's 

Guide.  By  Thomas  Rivers.  Latest 
Edition.    Fcp.  8vo.  4s. 

A  Dictionary  of  Science, 

Literature,  and  Art     Re-edited  by 
the  late  W.  T.  Brandk  (the  Author) 
and  the  Rev.  G.  W.  Cox,  M. A.  3  vols 
medium  8vo.  63J. 

The  History  of  Modern 

Music,  a  Course  of  Lectures  delivered 
at  the  Royal  Institution  of  Great 
Britain  By  John  Hullah,  LL.D. 
8vo.  pnee  Sr.  6,/. 

Dr.  Hullah's  2nd  Course 

of  Lectures  on  the  Transition  Period 
of  Musical  History,  from  the  Beginning 
of  the  17th  to  the  Middle  of  the  iSth 
Century.    8vo.  lev.  &/. 

Loudon's  Encyclopaedia 

of  Plants ;  comprising  the  Specific 
Character,  Description,  Culture,  His- 
tory,  &c.  of  all  the  Plants  found  in 
Great  Britain.  With  upwards  of 
12,000  Woodcuts.    8vo.  42s. 

De  Caisne  &  Le  Maout's 

System  of  Descriptive  and  Analy- 
tical Botany.  Translated  by  Mrs. 
Hooker  ;  edited  and  arranged  accord- 
ing to  the  English  Botanical  System,  by 
J.  D.  Hooker,  M.D.  With  5,500 
Woodcuts.    Imperial  8vo.  31/.  bit 

Hand-Book    of  Hardy 

Trees,  Shrubs,  and  Herbaceous 
Plants;  containing  Descriptions  &o. 
of  the  Best  Species  in  Cultivation. 
V\ith  720  Original  Woodcut  Illustra- 
tions. By  W.  B.  Hf.msley.  Medium 
Svo.  12s. 
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Miller's  Elements  of  Che- 
mistry, Theoretical  and  Practical. 
Re-edited,  with  Additions,  by  H. 
Macleod,  F.C.S.    3  vols.  8vo. 

Part    I.  Chemical    Physics,  New 
Edition  in  October. 

Part  II.  Inorganic  Chemistry,  21/. 

Part  III.  Organic  Chemistry,  New 
Edition  in  the  press. 

Animal   Chemistry :  or, 

the  Relations  of  Chemistry  to  Physiology 
and  Pathology  :  including  the  Results  of 
the  most  recent  Scientific  Researches 
and  Experiments.  By  Charles  T. 
Kingzett,  F.C.S.  Lond.  &  Berlin. 
Consulting  Chemist.  8vo.  [In  the press. 

Health  in  the  House : 

Twenty-five  Lectures  on  Elementary 
Physiology  in  its  Application  to  the 
Daily  Wants  of  Man  and  Animals. 
By  Catherine  Maria  Buckton. 
New  and  Cheaper  Edition.  Crown  8vo. 
Woodcuts,  2s. 


A  Dictionary  of  Chemis- 
try and  the  Allied  Branches  of  other 
Sciences.  By  Henry  Watts,  F.C.S. 
assisted  by  eminent  Scientific  and 
Practical  Chemists.  7  vols,  medium 
8vo.  j£io.  i6j.  cV. 

Supplementary  Volume, 

completing  the  Record  of  Chemical  Dis- 
covery to  the  year  1876. 

[/«  preparation. 

Select  Methods  in  Che- 
mical Analysis,  chiefly  Inorganic  By 
Wm.  Crookes,  F.R.S.  With  22 
Woodcuts.    Crown  8vo.  its.  6J. 

The  History,  Products, 

and  Processes  of  the  Alkali  Trade, 

including  the  most  recent  Improve- 
ments. By  Charles  T.  Kingzett, 
F.C.S.  Lond.  and  Berlin,  Consulting 
Chemist.   With  32  Woodcuts.  Svo.  12s. 

Outlines  of  Physiology, 

Human  and  Comparative.  By  J. 
Marshall,  F.R.C.S.  Surgeon  to  the 
University  College  Hospital.  2  vols, 
crown  Svo.  with  122  Woodcuts,  32J. 


The   FINE   ARTS   and  ILLUSTRATED 

EDITIONS. 


Poems.    By.  W.  B.  Scott. 

Illustrated  by  Seventeen  Etchings  by 
L.  A.  Tadema  and  W.  B.  Scott. 
Crown  Svo.  15*. 

Half-hour  Lectures  on 

the  History  and  Practice  of  the 
F  ne  and  Ornamental  Arts.    By  W. 

B.  Scott.    Cr.  Svo.  Woodcuts,  8j.  6*/. 

A  Dictionary  of  Artists  of 

the  English  School :  Painters,  Sculp- 
tors, Architects  Engravers,  and  Orna- 
mentists.  By  S.  Redgrave.  8vo.  i&t. 

In   Fairyland  ;  Pictures 

from  the  Elf- World.  By  Richard 
Doyle.  With  a  Poem  by  W.  Al- 
mngham.  With  16  coloured  Plates, 
containing  36  Designs.    Folio,  15/. 


Lord  Macaulay's  Lays  of 

Ancient  Rome.  With  Ninety  Illustra- 
tions on  Wood  from  Drawings  by  o*. 
Scharf.    Fcp.  410.  2 IX. 

Miniature     Edition  of 

Lord  Macaulay's  Lays  of  Ancient 
Rome.  With  G.  Scharf's  Ninety 
Illustrations  reduced  in  Lithograph). 
Imp.  i6mo.  ior.  (xt. 

Moore's   Lalla  Rookh, 

an  Oriental  Romance.  TEKNItt'5 
Edition,  with  68  Wood  Engraving 
from  Original  Drawings.  Fcp.  4to.  StA 

Moore's  Irish  Melodies, 

Maclise's  Edition,  with  161  Steel 
Plates.    Super  royal  Svo.  21/. 
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The    New  Testament, 

Illustrated  with  Wood  Engravings  after 
the  Early  Masters,  chiefly  of  the  I  talian 
School.    Crown  4to.  63/. 

Sacred  and  Legendary 

Art.  By  Mrs.  Jameson.  6  vols, 
square  crown  Svo.  price         \$s.  td. 

Legends  of  the  Saints 

and  Martyrs.  With  19  Etchings  and 
187  Woodcuts.    2  vols.  31  j.  bd. 

Legends  of  the  Monastic 

Orders.  With  n  Etchings  and  88 
Woodcuts.    1  vol.  2 1  j. 

Legends  of  the  Madonna. 

With  27  Etchings  and  165  Woodcuts. 
I  vol.  2 1  J. 


The  History  of  our  Lord, 

with  that  of  his  Types  and  Precursors. 
Completed  by  Lady  Eastlake.  With 
13  Etchings  and  281  Woodcuts.  2 
vols.  42J. 

The   Three  Cathedrals 

dedicated  to  St  Paul  in  London  ; 

their  History  from  the  Eoundation  of 
the  First  Building  in  the  Sixth  Century 
to  the  Proposals  for  the  Adornment  of 
the  Present  Cathedral.  By  W.  Long- 
man,  E.S.A.  With  numerous  Illus- 
trations.   Square  crown  8vo.  2U. 

Lectures  on  Harmony, 

delivered  at  the  Royal  Institution.  By 
G.  A.  MacfaRRKN.  Second  Edition, 
with  numerous  Engraved  Musical  Ex- 
amples and  Specimens.    8vo.  12/. 


The  USEFUL  ARTS, 
The  Amateur  Mechanics' 

Practical  Handbook  ;  describing  the 
different  Tools  required  in  the  Work- 
shop, the  uses  of  them,  and  how  to  use 
them.  By  A.  II.  C.  HOBSON.  With 
33  Woodcuts.    Crown  8vo.  2s.  6ii. 

The  Engineer's  Valuing 

Assistant  By  H.  D.  IIoskoi.d, 
Civil  and  Mining  Engineer,  16  years 
Mining  Engineer  to  the  Dean  Forest 
Iron  Company.    8vo.  3  fx.  6</. 

The   Whitworth  Mea- 

suring-  Machine  ;  including  Descrip- 
tions of  the  Surface  Plates,  Gauges,  and 
other  Measuring  Instruments  made  by 
Sir  J.  Whitworth,  Bart.  By  T.  M. 
Good  eve,  M.  A.  and  C.  P.  B.  Shel- 
ley, C.  E.  With  4  Plates  and  44  Wood- 
cuts.   Fcp.  4to.  2 1  j. 

Industrial  Chemistry ;  a 

Manual  for  Manufacturers  and  for  Col- 
leges or  Technical  Schools  ;  a  Transla- 
tion of  Stohmann  and  Engler's  German 
Edition  of  Pay  en's  1  Precis  de  Chimie 
Industriellc,'  by  Dr.  J.  D.  Barry. 
WTith  Chapters  on  the  Chemistry  of  the 
Metals,  by  B.  H.  Pai  l,  Ph.D.  8vo. 
Plates  &  Woodcuts.         [In  the  press. 


MANUFACTURES,  &c. 
!  Gwilt's  Encyclopaedia  of 

Architecture,  with  above  1,600  Wood- 
cuts. Revised  and  extended  by  W. 
Papworth.    Svo.  %zs.  (xi. 

I  Lathes  and  Turning,  Sim- 

pie,  Mechanical,  and  Ornamental.  By 
W.  II.  Northcott.  Second  Edition, 
with  338  Illustrations.    8vo.  iSj. 

Hints     on  Household 

Taste  in   Furniture,  Upholstery, 

and  other  Details.  By  C.  L.  East- 
lake.  With  about  90  Illustrations. 
Square  crown  8vo.  14s. 

Handbook  of  Practical 

Telegraphy.     By  R.   S.  Culley, 
Memb.   Inst.  C.E.  Engineer-in-Chief 
of  Telegraphs  to  the  Post-Office.  Svo. 
Plates  &  Woodcuts,  16s. 

A  Treatise  on  the  Steam 

Engine,  in  its  various  applications  to 
Mines,  Mills,  Steam  Navigation.  Rail- 
ways and  Agriculture.  By  J.  Bourne, 
C.E.  With  Portrait,  37  Plates,  and 
546  Woodcuts.    4to.  42J. 

Recent  Improvements  in 

the  Steam  Engine.    By  J.  Bourne, 
I       C.E.    Fcp.  8vo.  Woodcuts,  6s. 
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Catechism  of  the  Steam 

Engine,  in  its  various  Applications. 
By  John  Bourne,  C.E.  Fcp.  8vo. 
Woodcuts,  6s. 

Handbook  of  the  Steam 

Engine  By  J.  Bourne,  C.E.  form- 
ing a  Key  to  the  Author's  Catechism  of 
the  Steam  Engine.  Fcp.  8vo.  Wood- 
cuts, qj. 

Encyclopaedia   of  Civil 

Engineering,  Historical,  Theoretical, 
and  Practical.  By  E.  Cresy,  C.E. 
With  above  3,000  Woodcuts.  8vo.  42J. 

Ure's  Dictionary  of  Arts, 

Manufactures,  and  Mines.  Seventh 
Edition,  re-written  and  enlarged  by  R. 
Hunt,  F.R.S.  assisted  by  numerous 
contributors.  With  2, 1 00  Woodcuts. 
3  vols,  medium  8vo.  $s. 

Vol.  IV.  Supplementary,  completing  all 
the  Departments  of  the  Dictionary  to 
the  beginning  of  the  year  1877,  is  pre- 
paring for  publication. 

Practical  Treatise  on  Me- 
tallurgy. Adapted  from  the  last 
German  Edition  of  Professor  Kerb's 
Metallurgy  by  W.  Crookes,  F.K.S. 
&c.  and  E.  Rohrig,  Ph.D.  3  vols. 
8vo.  with  625  Woodcuts.    ^4.  iqj. 

The  Theory  of  Strains  in 

Girders  and  similar  Structures,  with 

Observations  on  the  application  of 
Theory  to  Practice,  and  Tables  of  the 
Strength  and  other  Properties  of  Ma- 
terials. By  B.  B.  Stoney,  M.A. 
M.  Inst.  C.E.  Royal  8vo.  with  5 
Plates  and  123  Woodcuts,  36*. 

Railways  and  Locomo- 
tives ;  a  Series  of  Lectures  delivered 
at  the  School  of  Military  Engineering, 
Chatham,  in  the  year  1877.  Jiaikuays, 
by  John  Wolfe  Barry,  M.  Inst.  C.  E. 
Locomotives,  by  F.  J.  Bramwell, 
F.R.S.  M.  Inst.  C.E.  '     [/«  the  press. 


Useful   Information  for 

Engineers.  By  Sir  W.  Fairbairn, 
Bart.  With  many  Plates  and  Woodcuts. 
3  vols,  crown  8vo.  3U.  6J. 

The  Application  of  Cast 

and  Wrought  Iron  to  Building 
Purposes.  By  Sir  W.  Fairbairn, 
Bart  With  6  Plates  and  I  iS  Wood- 
cuts.   Svo.  16s. 


Practical   Handbook  of 

Dyeing  and  Calico- Printing.  By 

W.  Crookes,  F.R.S.  &c.  With 
numerous  Illustrations  and  specimens 
of  Dyed  Textile  Fabrics.    Svo.  42/. 

Anthracen ;  its  Constitution, 

Properties,  Manufacture,  and  Deriva- 
tives, including  Artificial  Alizarin,  An- 
thrapurpurin,  &c.  with  their  Applica- 
tions in  Dyeing  and  Printing.  By  G. 
Auerbach.  Translated  by  W. 
Crookes,  F.R.S.    8vo.  12s. 

Mitchell's     Manual  of 

Practical  Assaying".  Fourth  Edition, 
revised,  with  the  Recent  Discoveries 
incorporated,  by  W.  Crookes,  F.R.S. 
Crown  8vo.  Woodcuts,  3lx.  6«/. 

Loudon's  Encyclopaedia 

of  Gardening  ;  comprising  the  Theory 
and  Practice  of  Horticulture,  Floricul- 
ture, Arboriculture,  and  Landscape 
Gardening.  With  i.ooo  Woodcuts. 
Svo.  2U. 

Loudon's  Encyclopaedia 

of  Agriculture ;  comprising  the  Lay- 
ing-out, Improvement,  and  Manage- 
ment of  Landed  Property,  and  the 
Cultivation  and  Economy  of  the  Pro- 
ductions of  Agriculture.  With  1. 100 
Woodcuts.    8vo.  2  ix. 


RELIGIOUS   and   MORAL  WORKS. 

An  Exposition  of  the  39    A  Commentary  on  the 

Articles,  Historical  and  Doctrinal.  By  39  Articles,  forming  an  Introduction  to 

E.  H.  Browne,  D.D.  Bishop  of  Win-  the  Theology  of  the  Church  of  England. 

Chester.    Latest  Edition.    8vo.  lOs.  By  the  Rev.  T.  P.  Boultbee,  LL.D. 

New  Edition.    Crown  8vo.  dx. 
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Historical   Lectures  on 

the  Life  of  Our  Lord  Jesus  Christ 

By  C.  J.  Ellicott,  D.D.    8vo.  I2j. 

Sermons  Chiefly  on  the 

Interpretation  of  Scripture.  By  the 
late  Rev.  T.  Arnold,  D.l).  8vo.  7s.  6./. 

Sermons  preached  in  the 

Chapel  of  Rugby  School;  with  an 
Address  before  Confirmation.  By 
T.  Arnold,  D.D.   Ecp.  8vo.  3/.  (xi. 

Christian  Life,  its  Course, 

its  Hindrances,  its  Helps  ;  Sermons 
preached  in  the  Chapel  of  Rugby  School. 
By  T.  Arnold,  D.D.  8vo.  7s.  (xi. 

Christian  Life,  its  Hopes, 

its  Fears,  and  its  Close ;  Sermons 
preached  in  the  Chapel  of  Rugby  School. 
By  T.  Arnold,  D.D.  8vo.  p. 

Synonyms  of  the  Old  Tes- 
tament, their  Bearing  on  Christian 
Faith  and  Practice.    By  the  Rev.  R.  B. 

GlRDLESTONE.     8vo.  I $S. 

The  Primitive  and  Ca- 
tholic Faith  in  Relation  to  the 
Church  of  England.  By  the  Rev.  B. 
W.  Savilk,  M.A.    8vo.  7s. 

The  Eclipse  of  Faith  ;  or 

a  Visit  to  a  Religious  Sceptic.  Hy 
Henry    Rogers.    Fcp.  8vo.  5.?. 

Defence  of  the  Eclipse  of 

Faith.  By  11.  Rogers.  Fcp.8vo.y.  &/. 

Three  Essays  on  Reli- 
gion :  Nature  ;  the  Utility  of  Religion  ; 
Theism.  By  John  Stuart  Mill. 
8vo.  10/.  6*1. 

A  Critical  and  Gram- 
matical Commentary  on  St  Paul's 
Epistles.  By  C.  J.  Elucott,  D.D. 
8vo.     Galatinns,  8*.  6d.  Ephcsians, 

1     8.r.  6d.     Pastoral   Epistles,   lor.  (xi. 

•'  Philippians,  Colossians,  &  Philemon, 
lew.  <W.    Thessalonians,  7s.  64. 


The  Life  and  Epistles  of 

St.  Paul.  By  Rev.  W.J.  Conybeare, 
M.A.  and  Very  Rev.  John  Saul  How- 
son,  D.D.  Dean  of  Chester.  Three 
Editions,  copiously  illustrated. 

Library  Edition,  with  all  the  Original 
Illustrations,  Maps,  Landscapes  on 
Steel,  Woodcuts,  &c.    2  vols.  4to.  42J. 

Intermediate  Edition,  with  a  Selection, 
of  Maps,  Plates,  and  Woodcuts.  2  vols, 
square  crown  Svo.  21/. 

Student's  Edition,  revised  and  con- 
densed, with  46  Illustrations  and  Maps. 
I  vol.  crown  8vo.  gs. 

The  Jewish  Messiah  ;  a 

Critical  History  of  the  Messianic  Idea 
among  the  Jews,  from  the  Rise  of  the 
Maccabees  to  the  Closing  of  the  Tal- 
mud. By  James  Drummond,  B.A. 
Professor  of  Theology  in  Manchester 
New  College,  London.  8vo. 

[In  the  press. 

Evidence  of  the  Truth  of 

the  Christian  Religion  derived  from 
the  Literal  Fulfilment  of  Prophecy.  By 
A.  Keith,  D.D.  40th  Edition,  with 
numerous  Plates.  Square  8vu.  \2s.  6d. 
or  post  8vo.  with  5  Plates,  6s. 

The  Prophets  and  Pro- 
phecy in  Israel;  an  Historical  and 
Critical  Inquiry.  By  Prof.  A.  Kuenen, 
Translated  from  the  Dutch  by  the  Rev. 
A.  MlLROY,  M.A.  with  an  Introduc- 
tion by  J.  Mure,  D.C.L.    8vo.  21s. 

Mythology  among  the 

Hebrews  and  its  Historical  Develop, 
ment.  By  Ignaz  Goldzijier,  Ph.D. 
Translated  by  Russell  Marti neau, 
M.A.    Svo.  16s. 

Historical   and  Critica' 

Commentary  on  the  Old  Testament 

with  a  New  Translation.  By  M.  M. 
Kalisck,  Ph.D.  Vol.  I.  Genesis, 
8vo.  iSx.  or  adapted  for  the  General 
.  ■  Reader,  12s.  Vol.  II.  Exodus,  15*.  or 
adapted  for  the  General  Reader,  12s. 
Vol.  III.  Leviticus,  Part  I.  15*.  or 
adapted  for  the  General  Reader,  Ss. 
Vol.  IV.  Leviticus,  Part  II.  15*.  or 
adapted  for  the  General  Reader,  8x. 
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The  History  and  Litera- 
ture of  the  Israelites,  according  to 
the  Old  Testament  and  the  Apocrypha. 
By  C.  De  Rothschild  &  A.  De 
Rothschild.  2  vols,  crown  8vo. 
12s.  bd.    1  vol.  fcp.  8vo.  3j.  bd. 

Ewald's  History  of  Israel. 

Translated  from  the  German  by  J.  E. 
Carpenter,  M.A.  with  Preface  by  R. 
Martineau,  M.A.    5  vols.  8vo.  by. 

Ewald's   Antiquities  of 

Israel.  Translated  from  the  German 
by  H.  S.  Solly,  M.A.    8vo.  12s.  bd. 

Behind  the  Veil ;  an  Out- 

line  of  Bible  Metaphysics  compared 
with  Ancient  and  Modern  Thought. 
By  the  Rev.  T.  Griffith,  M.A.  Pre- 
bendary of  St.  Paul's.    8vo.  10s.  bd. 

The  Trident,  the  Cres- 
cent &  the  Cross ;  a  View  of  the 
Religious  History  of  India  during  the 
Hindu,  Buddhist,  Mohammedan,  and 
Christian  Periods.  By  the  Rev.  J. 
Vaughan.    8vo.  9j.  bd. 

The  Types  of  Genesis, 

briefly  considered  as  revealing  the 
Development  of  Human  Nature.  By 
Andrew  Jukes.    Crown  8vo.  7s.  bd. 

The  Second  Death  and 

the  Restitution  of  all  Things ;  with 
some.  Preliminary  Remarks  on  the 
Nature  and  Inspiration  of  Holy  Scrip- 
ture. By  A.  Jukes.  Crown  8vo.  y.  bd. 

History  of  the  Reforma- 
tion in  Europe  in  the  time  of  Calvin. 

By  the  Rev.  J.  H.  Merle  D'Au- 
bigne\  D.D.  Translated  by  W.  L. 
R.  Cates.   7  vols.  8vo.  price  £5.  1  is. 

Vol.  VIII.  completing  the  English 
Edition  is  nearly  ready. 

Commentaries,  by  the  Rev. 

W.  A.  O'CONOft,  B.A.  Rector  of  St. 
Simon  and  St.  Jude,  Manchester. 

Epistle  to  the  Romans,  crown  8vo.  3-r.  bd. 
Epistle  to  the  Hebrews,  4s.  bd. 
St  John's  Gospel,  10s.  bd. 


Supernatural    Religion ; 

an  Inquiry  into  the  Reality  of  Divine 
Revelaton.    3  vols.  8vo.  38/. 

The   Four   Gospels  in 

Greek,  with  Greek-English  Lexicon. 
By  John  T.  White,  D.D.  Oxon. 
Rector  of  St.  Martin  Ludgate.  Square 
32mo.  price  5*. 

Passing    Thoughts  on 

Religion.  By  Elizabeth  M.  Sewell. 
Fcp.  Svo.  y.  bd. 

Thoughts  for  the  Age. 

by  Elizabeth  M.  Sewell.  New 
Edition.    Fcp.  8vo.  3/.  bd. 

Some  Questions  of  the 

Day.  By  Elizabeth  M.  Sewell. 
Crown  8vo.  zs.  bd. 

Self- Examination  before 

Confirmation.  By  Elizabeth  M. 
Sewell.    32mo.  is.  bd. 

Preparation  for  the  Holy 

Communion ;  the  Devotions  chiefly 
from  the  works  of  Jeremy  Taylor.  By 
Elizabeth  M.  Sewell.   32010.  y. 

Bishop  Jeremy  Taylor's 

Entire  Works ;  with  Life  by  Bishop 
Heber.  Revised  and  corrected  by  the 
Rev.  C.  P.  Eden.    10  vols.  £$.  y. 

Hymns  of  Praise  and 

Prayer.  Corrected  and  edited  by 
Rev.  John  Martineau,  LL.D. 
Crown  8vo.  4s.  bd.    32mo.  is.  bd. 

Spiritual  Songs  for  the 

Sundays  and  Holidays  throughout 
the  Year.  By  J.  S.  B.  Monsell, 
LL.D.    Fcp.  8vo.  5/.  i8mo.  zs. 

Lyra  Germanica ;  Hymns 

translated  from  the  German  by  Miss  C. 
Wink  worth.    Fcp.  8vo.  5/. 

The  Temporal  Mission 

of  the  Holy  Ghost ;  or,  Reason  and 
Revelation.  By  Henry  Edward 
Manning,  D.D.  Cardinal -Archbishop. 
Third  Edition.    Crown  8vo.  8j.  bd. 
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Hours  of  Thought  on 

Sacred  Things  ;  a  Volume  of  Ser- 
mons. By  James  Martineau,  D.D. 
LL.D.    Crown  8vo.    Price  7  s.  6d. 

Endeavours    after  the 

Christian  Life  ;  Discourses.  By 
James  Martineau,  D.D.  LL.D. 
Fifth  Edition.    Crown  8vo.  js.  6J. 


The  Pentateuch  &  Book 

of  Joshua    Critically  Examined. 

By  J.  W.  Colenso,  D.D.  Bishop  of 
Natal.    Crown  8vo.  6s. 

Lectures  on  the  Penta- 
teuch and  the  Moabite  Stone ;  with 
Appendices.  By  J.  W.  Colenso, 
D.D.    Bishop  of  Natal.    8vo.  12s. 


TRAVELS,  VOYAGES,  &e. 


A  Voyage   Round  the 

World  in  the  Yacht  'Sunbeam.' 

By  Mrs.  Brassey.  With  a  Map,  Eight 
Full-page  Illustrations  engraved  on 
Wood,  and  nearly  a  Hundred  Wood- 
cuts in  the  text.    8vo.  price  2ix. 

A    Year    in  Western 

France.  By  M.  Betham-Edvvards. 
Crown  8vo.  Frontispiece,  I  Of.  6d. 

Journal  of  a  Residence  in 

Vienna  and  Berlin  during  the  event- 
ful Winter  1805-6.  By  the  late  Henry 
.  Reeve,  M.D.    Crown  8vo.  Ss.  6J. 

One  Thousand  Miles  up 

the  Nile;  a  Journey  through  Egypt 
and  Nubia  to  the  Second  Cataract. 
By  Amelia  B.  Edwards.  With  Fac- 
similes, Plans,  Maps,  and  80  Illustra- 
tions engraved  on  Wood  from  Draw- 
ings by  the  Author.  Imperial  8vo.  42/. 

The  Indian  Alps,  and  How 

we  Crossed  them;  Two  Years' 
Residence  in  the  Eastern  Himalayas, 
and  Two  Months'  Tour  into  the  Interior. 
By  a  Lady  Pioneer.  With  Illustra- 
tions from  Drawings  by  the  Author. 
Imperial  8vo.  42s. 

Discoveries  at  Ephesus, 

Including  the  Site  and  Remains  of  the 
Great  Temple  of  Diana.  By  J.  T. 
Wood,  F.S.  A.  With  27  Lithographic 
Plates  and  42  Wood  Engravings.  Me- 
dium 8vo.  63/. 

Through  Bosnia  and  the 

Herzegovina  on  Foot  during  the 
Insurrection,  August  and  September 
1875.  By  Arthur  J.  Evans,  B.A. 
F.S. A.  Second  Edition.  Map  & 
Illustrations.    8vo.  x8x. 


Italian  Alps  ;  Sketches  in 

the  Mountains  of  Ticino,  Lombardy, 
the  Trentino,  and  Venetia.  By  Dou- 
glas W.  Freshfield.  Square  crown 
8va  Illustrations,  15/. 

Over  the  Sea  and  Far 

Away;  a  Narrative  of  a  Ramble 
round  the  World.  By  T.  W.  Hinch- 
liff,  M.A.  F.R.G.S.  President  of 
the  Alpine  Club.  With  14  full-page 
Illustrations.    Medium  8vo.  21s. 

The  Frosty  Caucasus ;  an 

Account  of  a  Walk  through  Part  of  the 
Range,  and  of  an  Ascent  of  Elbruz  in 
the  Summer  of  1874.  By  F.  C.  Grove. 
Map  and  Illustrations.  Crown  8vo.  I£r. 

Tyrol  and  the  Tyrolese; 

an  Account  of  the  People  and  the 
Land,  in  their  Social,  Sporting,  and 
Mountaineering  Aspects.  By  W.  A. 
Baii.lie  Grohman.  Second  Edition. 
Crown  8vo.  with  Illustrations,  dr. 

Two  Years  in  Fiji,  a  De- 
scriptive Narrative  of  a  Residence  in  the 
Fijian  Group  of  Islands.  By  Litton 
Forbes,  M.  D.    Crown  8vo.  Ss.  6d. 

Memorials  of  the  Dis- 
covery and  Early  Settlement  of  the 
Bermudas  or  Somers  Islands,  from 
16 1 5  to  1685.  By  Major-General  Sir 
J.  H.  Lefroy,  R.A.  C.B.  K.C.M.G. 
F.R.S.  &c  (In  2  vols.)  Vol.  L  imp. 
8vo.  with  2  Maps,  jar. 

Eight  Yearc  in  Ceylon. 

By  Sir  Samuel  W.  Baker,  M.A. 
Crown  8vo.  Woodcuts,  js.  6d. 

The  Rifle  and  the  Hound 

in  Ceylon.  By  SirS am  uel  W.  Baker, 
M.A.    Crown  8vo.  Woodcuts,  7s.  6d. 
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The  Dolomite  Moun- 
tains. Excursions  through  Tyrol, 
Carinthia,  Carniola,  and  Friuli.  By  J. 
Gilbert  and  G.  C.  Churchill, 
F.R.G.S.  Square  crown  8vo.  Illus- 
trations, 2 1 S. 

* 

The  Alpine  Club  Map  of 

the  Chain  of  Mont  Blanc,  from  an 
actual  Survey  in  1863- 1864.  By  A. 
Adams-Reilly, F.R.G.S.  InChromo- 
lithography,  on  extra  stout  drawing 
paper  10s.  or  mounted  on  canvas  in  a 
folding  case  I2J.  6d. 

The  Alpine  Club  Map  of 

the  Valpelline,  the  Val  Tournanche, 
and  the  Southern  Valleys  of  the 
Chain  of  Monte  Rosa,  from  actual 
Survey.  By  A.  Adams-Reilly, 
F.R.G.S.  Trice  dr.  on  extra  stout 
drawing  paper,  or  js.  6d.  mounted  in  a 
folding  case. 

Untrodden    Peaks  and 

Unfrequented  Valleys  ;  a  Midsummer 
Ramble  among  the   Dolomites.  Hy 
Amelia  B.  Edwards.  With  numerous 
;    Illustrations.    8vo.  21s. 

Guide  to  the  Pyrenees, 

for  the  use  of  Mountaineers.  By 
Charles  Packe.    Crown  8vo.  7-r.  &/. 


The  Alpine  Club  Map  of 

Switzerland,  with  parts  of  the  Neigh- 
bouring Countries,  on  the  scale  of  Four 
Miles  to  an  Inch.  Edited  by  R.  C. 
Nichols,  F.R.G.S.  In  Four  Sheets 
in  Portfolio,  price  42s.  coloured,  or  34*. 
uncoloured. 

The  Alpine  Guide.  By 

John  Ball,  M.R.I. A.  late  President 
of  the  Alpine  Club.  Post  8vo.  with 
Maps  and  other  Illustrations. 

The  Eastern  Alps,  ic*.  6d. 
Central  Alps,  including  all 

the  Obcrland  District,  js.  6d. 

Western  Alps,  including 

Mont  Blanc,  Monte  Rosa,  Zermatt,  &c. 
Price  6s.  6d. 

Introduction  on  Alpine 

Travelling  in  general,  and  on  the 

Geology  of  the  Alps.  Price  is.  Either 
of  the  Three  Volumes  or  Parts  of  the 

*  Alpine  Guide '  may  be  had  with  this 
Introduction  prefixed,  is.  extra.  The 

*  Alpine  Guide '  may  also  be  had  in 
Ten  separate  Parts,  or  districts,  price 
2s.  6d.  each. 

How  to  see  Norway.  By 

J.  R.  Campbell.  Fcp.  8vo.  Map  & 
Woodcuts,  5*. 


WORKS   of  FICTION. 


The  Atelier  du  Lys ;  or  an 

Art-Student  in  the  Reign  of  Terror. 
By  the  author  of 1  Mademoiselle  Mori.' 
Third  Edition.    Crown  Svo.  6s. 

Novels  and  Tales.  By  the 

Right  Hon.  the  Earl  of  Beacons- 
field.  Cabinet  Editions,  complete  in 
Ten  Volumes,  crown  Svo.  6s.  each. 


Lothair,  dr. 
Coningsby,  6s. 
Sybil,  6s.  . 
Tancred,  6r. 


Venetia,  dr. 
Alroy,  I  xion,  &c.  dr. 
Young  Duke  &  c.  6s. 
Vivian  Grey,  dr. 
Henrietta  Temple,  6s. 
Contarini  Fleming-,  &c.  dr. 


Whispers  from  Fairy- 
land. By.  the  Right  Hon.  E.  H. 
Knatchbull-Huoessen,  M.P.  With 
9  Illustrations.    Crown  8vo.  3s.  6d. 

Higgledy-Piggledy ;  or, 

Stories  for  Everybody  and  Every- 
body's Children.  By  the  Right  Hon. 
E.  H.  Knatchbull-Hugessen,  M.P. 
With  9  Illustrations.    Cr.  Svo.  3s.  U 

Becker's  Gallus ;  or  Roman 

Scenes  of  the  Time  of  Augustus.  Post 
8vo.  ^s.  6d. 

Becker's  Charicles:  Illus- 
trative of  Private  Life  of  the  Ancient 
Greeks.    Post  8vo.  7s.  6d. 
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The  Modern  Novelist's 

*  Library. 
Atherstone  Priory,  2s.  boards ;  2s.  6d.  cloth. 

B ram  ley- Moore's  Six  Sisters  of  the 
Valleys,  2s.  boards  ;  2s.  6d.  cloth. 

Burgomaster's  Family,  2s.  and  2s.  Gd. 

Coningsby.  By  the  Rt  Hon.  the  Earl 
of  BEACONSFIELD.  2s.  boards;  2s.  (yd. 
cloth. 

Elsa,    a  Tale   of  the  Tyrolean  Alps. 

Price  2s.  boards  ;  2s.  (yd.  cloth. 
Lothair.    By  the  Rt.  Hon.  the  Earl  of 

Beaconsheld.    2s.  boards;  2s.  (xt. 

cloth. 

Mile.  Mori,  2s.  boards  ;  2s.  (yd.  cloth. 
Melville's  Digby  Grand,  2s.  and  2s.  (yd. 

-   General  Bounce,  is.  &  2s.  6d. 

  Gladiators,  2s.  and  2s.  (yd. 

  Good  for  Nothing,  si.  &  2s.  (yd. 

  Holm  by  House,  2s.  &  2s.  Gd. 

  Interpreter,  2s.  and  2s.  Gd. 

  Kate  Coventry,  2s.  and  2s.  Gd. 

  Queen's  Maries,  2s.  &  2s.  Gd. 

SybiL    By  the  Rt.  Hon.  the  Earl  of 

Beaconsfield.    2s.  boards  ;  2s.  (ai. 

cloth. 

Tancred.    By  the  Rt.  Hon.  the  Earl  of 
Beaconsfield.    2s.  boards  ;  2s.  Gd. 

Trollope's  Warden,  2s.  and  2s.  Gd. 

  Barchester  Towers,  2s.  &  2s.  6d. 

Unawares,  a  Story  of  an  old  French 
Town.    Price  2s.  boards  ;  2s.  Gd.  cloth. 


POETRY  and 
Milton's  Lycidas.  Edited, 

with  Notes  and  Introduction,  by  C.  S. 
Jerram,  M.A.    Crown  8vo.  2s.  Gd. 

Lays  of  Ancient  Rome; 

with  Ivry  and  the  Armada.  By  Lord 
Macau  lay.  i6mo.  y.  Gd. 

Horatii  Opera.  Library 

Edition,  with  English  Notes,  Marginal 
References  &  various  Readings.  Edited 
by  the  Rev.  J.  E.  Yonge,  M.A.  8vo. 
price  21/. 

Southey's  Poetical 

Works,  with  the  Author's  last  Cor- 
rections  and  Additions.  Medium  8vo. 
with  Portrait,  14*. 


Stories  and  Tales.  By 

Elizabeth  M.  Sewell.  Cabinet 
Edition,  in  Ten  Volumes,  each  contain- 
ing a  complete  Tale  or  Story  : — 

Amy  Herbert,  2s.  6d. 

Gertrude,  2s.  Gd. 

The  Earl's  Daughter,  2s.  6d. 

Experience  of  Life,  2s.  Gj. 

Cleve  Hall,  2s.  6d. 

Ivors,  2s.  6d. 

Katharine  Ashton,  2s.  6d. 
Margaret  Percival,  3s.  6d. 
Laneton  Parsonage,  y.  6d. 
Ursula,  3^.  Gd. 

Tales  of  Ancient  Greece. 

By  the  Rev.  G.  W.  Cox,  M.A.  late 
Scholar  of  Trinity  College,  Oxford. 
Third  Edition.    Crown  8vo.  6s. 

Parry's  Origines  Roma- 
ns ;  Tales  of  Early  Rome  from  Livy, 
Latin  Text  with  English  Notes.  Revised 
Edition.    Crown  8vo.  4s. 

Parry's  Reges  et  Heroes ; 

a  Collection  of  Tales  from  Herodotus, 
Greek  Text  with  English  Notes.  Re- 
vised Edition.    Crown  8vo.  y.  6d. 


THE  DRAMA. 

Beowulf,  a  Heroic  Poem 

of  the  Eighth  Century  (Anglo-Saxon 
Text  and  English  Translation),  with 
Introduction,  Notes,  and  Appendix. 
By  Thomas  Arnold,  M.A.  8vo.  12s. 

Poems  by  Jean  Ingelow. 

2  vols.  fcp.  8vo.  1  ox. 

First  Series,  containing  1  Divided,'  'The 
Star's  Monument,'  &c    Fcp.  8vo.  Ss. 

Second  Series,  «A  Story  of  Doom,1 
1  Gladys  and  her  Island,'  &c.  5*. 

Poems  by  Jean  Ingelow. 

First,  Series,  with  nearly  100  Woodcut 
Illustrations.    Fcp.  410.  21;. 
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Festus,   a    Poem.  By 

PHILIP  James  Baii.ey.  The  Tenth 
Edition,  enlarged  and  revised.  Crown 
8vo.  price  12s.  6d. 

The  Iliad  of  Homer,  Ho- 

mometrically  translated  by  C.  B. 
Cay  ley,  Translator  of  Dante's  Comedy, 
&c.    8vo.  12s.  6d. 


The  JEneid   of  Virgil. 

Translated  into  English  Verse.  By  J. 
Conington,  M.A.    Crown  8vo.qj. 

Bowdler's  Family  Shak- 

speare.  Cheaper  Genuine  Edition, 
complete  in  I  vol.  medium  8vo.  large 
type,  with  36  Woodcut  Illustrations, 
14J.  or  in  6  vols.  fcp.  Svo.  2\s. 


RURAL.   SPORTS,    HORSE   and  CATTLE 

MANAGEMENT,  &c. 


Annals  of  the  Road ;  or, 

Notes  on  Mail  and  Stage-Coaching  in 
Great  Britain.  By  Captain  Malet, 
18th  Hussars.  To  which  are  added 
Essays  on  the  Road,  by  Nimrod. 
With  3  Woodcuts  and  10  Coloured 
Illustrations.    Medium  Svo.  2ls. 

Down  the  Road  ;  or,  Re- 

miniscences  of  a  Gentleman  Coachman. 
By  C.  T.  S.  Birch  Reynardson. 
Second  Edition,  with  12  Coloured 
Illustrations.    Medium  Svo.  21s. 

Blaine's  Encyclopaedia  of 

Rural  Sports;  Complete  Accounts, 
Historical,  Practical,  and  Descriptive, 
of  Hunting,  Shooting,  Fishing,  Racing, 
&c.  With  above  600  Woodcuts  (20 
from  Designs  by  J.  Leech).    8vo.  21s. 

A  Book  on  Angling  ;  or, 

Treatise  on  the  Art  of  Fishing  in  every 
branch  ;  including  full  Illustrated  Lists 
of  Salmon  Flics.  By  Francis  Francis. 
Post  8vo.  Portrait  and  Plates,  1 5/. 

Wilcocks's  Sea-Fisher- 

man  :  comprising  the  Chief  Methods 
of  Hook  and  Line  Fishing,  a  glance  at 
Nets,  and  remarks  on  Boats  and  Boat- 
ing.   Post  Svo.  Woodcuts,  12J.  6d. 

The  Fly-Fisher's  Ento- 
mology.    By  Alfred  Ronalds. 

With  20  Coloured  Plates.    8vo.  14*. 


Horses  and  Riding.  By 

George  Nevile,  M.A.  With  numerous 
Illustrations  engraved  on  Wood.  Crown 
Svo.  [Just  ready. 

On  Horse-breaking,  shew- 
ing the  defects  of  the  system  of  horse- 
breaking  at  present  in  use,  and  how  to 
remedy  the  same  :  teaching  the  break- 
ing of  horses  to  saddle  and  harness, 
with  instructions  how  to  teach  horse* 
their  different  paces ;  describing  also 
the  different  classes  of  horses  require! 
for  the  different  kinds  of  work,  ice. 
Founded  on  experience  obtained  in 
England,  Australia,  and  America.  By 
Robert  Moreton,  M.  R.  C.  V.  S .  Cr. 
8vo.  price  5*. 

Horses  and  Stables.  By 

Colonel  F.  Fitzwygram,  XV.  the 
King's  Hussars.  With  24  Plates  of 
Illustrations.    8vo.  iox.  6d. 

Youatt   on  the  Horse. 

Revised  and  enlarged  by  W.  Watson, 
M.  R.  C.  V.  S.    8vo.  Woodcuts,  1  zr.  U 

Youatt's  Work  on  the 

Dog.  Revised  and  enlarged.  Svo. 
Woodcuts,  6s. 

The  Dog  in  Health  and 

Disease.  By  Stonehenge.  With 
73  Wood  Engravings.  Square  crown 
8vo.  7s.  6d. 
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The  Greyhound.  By 

Stonehenge.  Revised  Edition,  with 
25  Portraits  of  Greyhounds,  &c. 
Square  crown  8vo.  15J. 

Stables  and  Stable  Fit- 
tings. By  W.  Miles.  Imp.  8vo. 
with  13  Plates,  1 5/. 

The  Horse's  Foot,  and 

How  to  keep  it  Sound.   By  W. 

Miles.    Imp.  8vo.  Woodcuts,  12s.  6d. 


A  Plain  Treatise  on 

Horse-shoeing.  By  W.  Miles.  Post 
8vo.  Woodcuts,  2s.  6</. 

Remarks  on  Horses' 

Teeth,  addressed  to  Purchasers.  By 
W.  Miles.    Post  8vo.  It.  6<i. 

The  Ox,  his  Diseases  and 

their  Treatment ;  with  an  Essay  on 
Parturition  in  the  Cow.  By  J.  R. 
Dobson,  M.R.C.V.S.  Crown  8vo. 
Illustrations,  ?s.  <*/. 


WORKS 


of  UTILITY   and  GENERAL- 
INFORMATION. 


Maunders  Treasury  of 

Knowledge  and  Library  of  Refer- 
•  ence  ;  comprising  an  English  Diction- 
ary and  Grammar,  Universal  Gazetteer, 
Classical  Dictionary,  Chronology,  Law 
Dictionary,  Synopsis  of  the  Peerage, 
Useful  Tables,  &c.    Fcp.  8vo.  6s. 

Maunder's  Biographical 

Treasury.  Latest  Edition,  recon- 
structed and  partly  re-written,  with 
above  1,600  additional  Memoirs,  by 
W.  L.  R.  Gates.    Fcp.  Svo.  6s. 

Maunders  Scientific  and 

Literary  Treasury;  a  Popular  En- 
cyclopaedia of  Science,  Literature,  and 
Art.  Latest  Edition,  in  part  re- 
written, with  above  1,000  new  articles, 
by  J.  Y.  Johnson.    Fcp.  8vo.  6j. 

Maunder's  Treasury  of 

Geography,  Physical,  Historical, 
Descriptive,  and  Political.  Edited  by 
W.  Hughes,  F.  R.  G.  S.  With  7  Maps 
and  16  Plates.    Fcp.  Svo.  6s. 

Maunder's  Historical 

Treasury ;  General  Introductory  Out- 
lines of  Universal  History,  and  a  Series 
of  Separate  Histories.  Revised  by  the 
Rev.  G.  W.  Cox,  M.A.  Fcp.  8vo.  6>. 

Maunder's  Treasury  of 

Natural  History ;  or,  Popular  Dic- 
tionary of  Zoology.  Revised  and 
corrected  Edition.  Fcp.  8vo.  with 
900  Woodcuts,  6s. 


The  Treasury  of  Botany, 

or  Popular  Dictionary  of  the  Vegetable 
Kingdom  ;  with  which  is  incorporated 
a  Glossary  of  Botanical  Terms.  Edited 
by  J.  Eindley,  F.R.S.  and  T.  Moore, 
F.L.S.  With  274  Woodcuts  and  20 
Steel  Plates.    Two  Parts,  fcp.  8vo.  12s. 

The  Treasury  of  Bible 

Knowledge ;  being  a  Dictionary  of 
the  Hooks,  Persons,  Places,  Events, 
and  other  Matters  of  which  mention  is 
made  in  Holy  Scripture.  liy  the  Rev. 
J.  Ayre,  M.A.  With  Maps,  Plates, 
and  many  Woodcuts.    Fcp.  8vo.  6s. 

A  Practical  Treatise  on 

Brewing  ;  with  Formul.-e  for  Public 
Brewers  &  Instructions  for  Private  Fam- 
ilies.   By  W.  Black.    8vo.  ioj.  6d. 

The  Theory  of  the  Mo- 

dern  Scientific  Game  of  Whist 

By  W.  Pole,  F.R.S.  Eighth  Edition. 
Fcp.  8vo.  2s.  6d. 

The   Correct  Card ;  or, 

How  to  Play  at  Whist ;  a  Whist 
Catechism.  By  Captain  A.  Campbell- 
Walker,  F.R.G.S.  New  Edition. 
Fcp.  8vo.  is.  6d. 

The  Cabinet  Lawyer;  a 

Popular  Digest  of  the  Laws  of  England, 
Civil,  Criminal,  and  Constitutional. 
Twenty-Fourth  Edition,  corrected  and 
extended.    Fcp.  8vo.  gs. 
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Chess  Openings.  ByF.W. 

Longman,  Balliol  College,  Oxford. 
Second  Edition.    Fcp.  8vo.  2s.  bd. 

English  Chess  Problems. 

Edited  by  J.  Pierce,  M.A.  and  W. 
T.  Pierce.  With  60S  Diagrams. 
Crown  8vo.  12s.  (xf. 

Pewtner's  Compre- 
hensive Specifier;  a  Guide  to  the 
Practical  Specification  of  every  kind  of 
Building-Artificer's  Work.  Edited  by 
W.  Young.    Crown  8vo.  dr. 

Hints  to  Mothers  on  the 

Management  of  their  Health  during 
the  Period  of  Pregnancy  and  in  the 
Lying-in  Room.  By  Thomas  Bull, 
M.D.    Fcp.  8vo,  2s.  6d. 

The  Maternal  Manage- 
ment of  Children  in  Health  and 
Disease.  By  Thomas  Bull,  M.D. 
Fcp.  8vo.  2s.  6d. 

The  Elements  of  Bank- 
ing. By  H.  D.  Macleod,  M.A. 
Third  Edition.    Crown  8vo.  ys.  &/. 


The  Theory  and  Practice 

of  Banking.  By  H.  D.  Macleod, 
M.A.    2  vols.  8vo.  26V. 

Modern  Cookery  for  Pri- 
vate Families,  reduced  to  a  System 
of  Easy  Practice  in  a  Series  of  carefully- 
tested  Receipts.  By  Eliza  Acton. 
With  8  Plates  and  150  Woodcuts.  Fcp. 
8vo.  dr. 

Our  New  Judicial  System 

and  Civil  Procedure  as  Reconstructed 
under  the  Judicature  Acts,  including 
the  Act  of  1876;  with  Comments  on 
their  Effect  and  Operation.  By  W. 
F.  Finlason,  Barrister-at-Law.  Crown 
8vo.  I  or.  6d. 

Willich's  Popular  Tables 

for  ascertaining,  according  to  the  Carlisle 
Table  of  Mortality,  the  value  of  Life- 
hold,  Leasehold,  and  Church  Property, 
Renewal  Fines,  Reversions,  &c.  Also 
Interest,  Legacy,  Succession  Duty,  and 
various  other  useful  tables.  Eighth 
Edition.    Post  8vo.  ior. 


HISTORICAL.  KNOWLEDGE  for  the  YOUNG. 


Epochs  of  English  His- 
tory. Edited  by  the  Rev.  Mandell 
Creighton,  M.A.  late  Fellow  and 
Tutor  of  Merton  College,  Oxford. 
8  vols.  fcp.  8vo. 

Early  England,  up  to  the 

Norman  Conquest.  By  Frederick 
York  Powell,  M.A.  With  4  Maps, 
price  1  j. 

England  a  Continental 

Power,  from  the  Conquest  to 
Magna   Charta,    1066  -  1216.  By 

Louise  Creighton.  With  Map,  9* 

The  Rise  of  the  People, 

and  Growth  of  Parliament,  from  the 
Great  Charter  to  the  Accession  of 
Henry  VII.,  12151485.  By  James 
Rowley,  M.A.  With  4  Maps,  price  oy/. 
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The  Tudors  and  the  Re- 
formation, 1485  1603.  By  the  Re*. 
Mandell  Creighton,  M.A.  With 
3  Maps,  price  Ot/. 

The   Struggle  Against 

Absolute  Monarchy,  from  1603- 
1688.  By  Bertha  Meriton  Cor- 
dery.    With  Two  Maps,  price  gd. 

The  Settlement  of  the 

Constitution,  from  1688  to  1778.  By 

James  Rowley,  M.A.  With  Four 
Maps,  price  o</. 

England    during  the 

American  and  European  Wars,  from 
1778  -  182a  By  O.  W.  Tancock, 
M.A.  [/utAcfras. 

Modern  England,  from 

1820-1875.  By  Oscar  Browning, 
M.A.  [/« prtparobQii- 
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D'Aubignfs  Reformation    xft 
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 Nile   19 
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Short  Studies   2 
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—         Natural  Philosophy   n 

Gardiner's  Buckingham  and  Charles    2 
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 First  Two  Stuarts    4 

 Thirty  Years'  War    4 
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German  Home  Life   8 
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— — —  Mechanism    12 
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In  course  of  publication,  each  volume  in  fcp.  8vo.  complete  in  itself, 

EPOCHS  OF  MODEM  HISTORY: 


▲  SERIES  OF  BOOKS  Wi 

HISTORY  of  ENGLAND  and  EUROPE 

At  SUCCESSIVE  EPOCHS  SUBSEQUENT  to  the  CHRISTIAN  ERA. 

EDITED  BY 

E.  E.  MORRIS,  M.A.  Lincoln  Coll.  Oxford; 
J.  S.  PHILLPOTTS,  B.C.L.  New  Coll.  Oxford;  and 
C.  COLBECK,  M.A.  Follow  of  Trin.  Coll.  Cambridge. 


'This  itriking  collection  of  little  volumes 
is  a  valuable  contribution  to  the  litera- 
ture of  the  day,  whether  for  youthful  or 
more  mature  readers.  As  an  abridgment 
of  several  important  phuses  of  modern 
history  it  has  great  merit,  and  some  of  its 
parts  display  powers  and  qualities  of  a  high 
order.  Such  writers,  indeed,  as  Professor 
Stubbs,  Messrs.  Wabburtox,  Gaibdnkb, 


Crbiohtox,  and  others,  could  not  fail  to 
give  us  excellent  work.  .  .  .  The  style 
of  tho  series  is,  as  a  general  rule,  correct 
and  pure ;  in  the  case  of  Mr.  Stubbs  it 
more  than  onco  rises  into  genuine,  simple, 
and  manly  eloquence;  and  th*»  composi- 
'  tion  of  some  of  the  volumes  displays  no 
ordinary  historical  skill.  .  .  .  The  Series  is 
and  deserves  to  be  popular.'  Thb  Timbs. 


The  BEGINNING  of  the  MIDDLE  AGES;  Charles  the  Great  and  Alfred ; 

the  History  of  England  in  connexion  with  that  of  Europe  in  the  Ninth  Century.  By  the  Very 
Rev.  It.  W.  Church,  M.A.  &c.  Dean  of  St.  Paul's.  With  3  Coloured  Maps.   Price  2j.  &d. 

The  CRUSADES.    By  the  Rev.  G.  W.  Cox,  M.A.  late  Scholar  of  Trinity 

College,  Oxford  ;  Author  of  the « Aryan  Mythology '  4ic.  With  a  Coloured  Map.  Price  2t.  6d. 

The  AGE  of  ELIZABETH. 


By  the 

Fellow  and  Tutor  of  Mcrton  College,  Oxford. 
'  Notwithstanding  the  severe  compression  re- 
quired, Mr.  Ciuuohton  has  succeeded  in  present- 
ing a  far  from  unreadable  book,  whirh  will  be  of 
great  assistance  to  the  student.  Although  pro- 
minence is  given  to  the  history  of  England,  the 
contemporaneous  history  of  Europe  has  not  been 
neglected,  and  the  Author  has  shewn,  wherever 
it  was  possible,  the  connexion  of  events  passing 
in  different  countries.  An  impartial  view  is 
taken  of  the  causes  which  led  to  the  rite  and 
progress  of  tho  Reformation  in  Europe,  due 


l 


Rev.  M.  Creighton,  M.A.  late 

With  5  Maps  and  4  Genealogical  Tables,  t*  Gd. 
weight  being  given  to  the  political  and  social,  as 
well  a*  to  the  religious  element,  shewing  how  by 
the  course  of  events  that  great  inevitable  change 
was  led  to  adopt  the  character  which  it  even- 
tually assumed ....  After  all  that  has  been  written 
about  the  reign  of  Elizabeth,  Mr.  Crkiqhtom 
may  be  coiiKTotulated  in  having  prod  need  an 
epitome  which  is  valuable,  not  only  to  the  stu- 
dent, but  to  all  who  are  in  any  degree  interested 
in  the  history  of  that  period.' 

Academy. 


The  HOUSES  of  LANCASTER  and 

LOSS  of  FRANCE.  By  Jambs  Gamdykr,  of 
Letters '  kc.  With  5  Coloured  Maps.  Price 
*  This  series  of  Epochs  of  History  is  one  of  the 
most  useful  contributions  to  school  literature 
within  our  knowledge.  Tho  division  of  our  na- 
tional history  into  portions  is  an  assistance  to 
it*  acquisition  as  a  whole;  and  each  portion 
forms  a  definite  amount  of  work  adapted  to  a 
definite  portion  of  the  school  year.  The  chief 
merit  of  these  little  volumes,  however,  is  to  be 
fotmd  in  their  authorship.  It  is— to  borrow 
their  title— on  epoch  in  the  history  of  school 
histories,  when,  as  in  this  series,  we  find  amongst 
their  Authors  a  few  eminent  historians.  The 
writer  of  the  volume  on  the  Wars  of  the  Roses  i* 
distinguished  by  his  researches  into  the  close  of 
the  period  of  which  it  treats,  and  by  his  publica- 
tion of  Papers  illustrative  of  the  reigns  of  Richard 
III.  and  Henry  VII.  The  treatment  which  the 
whole  of  this  period  receives  in  this  short  volume 


YORK;  with  the  CONQUEST  and 

the  PubUo  Record  Office  ;  Editor  of « The  Paston 
•2t.&d. 

is  very  admirable.  What  Is  chiefly  required  in 
compiling  such  a  book  is  the  art  of  leaving  out. 
Selections  must  be  made  of  the  persons  to  be  de- 
scribed and  of  the  event*  to  be  narrated,  and 
this  involves  a  large  knowledge  besides  a  dis- 
criminating judgment.  Mr.  GAiKDNBn  says  the 
age  of  the  Wars  of  the  Roses  is  towards  Its  close 
one  of  tho  most  obscure  in  English  history.  But 
it  Is  one  that  a  schoolboy  thinks  he  knows  best. 
Tho  invasion  of  France  by  Henry  V.  and  the 
struggles  of  two  Kings  with  Warwick,  ha  vostich 
a  dramatis  Interest,  and  stand  out  so  promi- 
nently, that  the  social  condition  of  the  people  is 
lost  sight  of.  This  Epoch  is  published  oppor- 
tunely, as  the  subject  is,  in  part  at  least,  pre- 
scribed for  the  next  middle-class  examination. 
It  will  be  found  well  adapted  to 
useful  for  its  preparation.  Nt 


London,  LONGMANS  &  CO. 
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The  THIRTY   YEARS'  WAR,   1618-1648.     By   Samuel  Rawson 

Gardiner,  late  Student  of  Ch.  Cb. ;  Author  of  '  History  of  England  from  th«  Accession  of 
James  I.  to  the  Disgrace  of  Chief  Justice  Coke'  kc.  With  a.  Coloured  Map.  Price  2s.  6d. 

The  FIRST  TWO  STUARTS  and  the  PURITAN  REVOLUTION, 

1603-lfiflO.  By  Samuel  Rawson  Gardlsrr,  Author  of  'The  Thirty  Years"  War,  1618-1648.' 
With  4  Coloured  Maps.   Price  2s.  6d. 

The  FALL  of  the  STUARTS;  and  WESTERN  EUROPE  from  1G78 

tolf.97.  By  the  Rev.  Edward  Hale,  M.A.  Assistant- Master  at  Eton.  With  Eleven  Maps  and 
Plans.   Price  2s.  C  i. 

The  NORMANS  in  EUROPE.    By  Rev.  A.  H.  Johnson,  M.A.  late 

Fellow  of  All  Souls  College.  Oxford ;  Historical  Lecturer  to  Trinity,  St.  John's,  Pembroke,  and 
Wadham  Colleges.   With  3  Maps.   Price  2s.  M. 

The  WAR  of  AMERICAN  INDEPENDENCE,  1775-1783.    By  John 

Malcolm  Ludlow,  Barrister-at-Law.   With  4  Coloured  Maps.  Price  2s.  6J. 

The  AGE  of  ANNE.    By  E.  E.  Morris,  M.A.  Lincoln  College,  Oxford ; 

Head  Master  of  the  Melbourne  Grammar  School,  Australia;  Original  Editor  of  the  Series. 
With  7  Maps  and  Plans.   Price  2s.  Ud. 


•  Mr.  Morris  shines  in  biography.  Hi*  minia- 
ture portraits  of  Qt'KKX  Anne,  the  nuke  of  Marl- 
borough,and  Lord  Pktrhrorol'uii  oreesrccUlly 
good;  not  professing  anything  original,  but  pre- 
senting the  popular  conception  of  their  respective 
characters  in  a  few  well-chosen  words  calculated 
to  make  a  permanent  impression. 

Pall  Mall  Gazkttk. 

1  The  period  selected  is  a  good  one  for  the  pur- 
pose, and  it  has  fallen  into  able  hands.  The 
Author  disclaims  originality  of  research,  bnt  he 
has  chosen  his  authorities  with  great  judgment, 
and  the  result  of  his  labours  is  very  satisfactory. 
The  causes  which  let!  to  the  great  War  of  the 
Spanish  Succession  are  very  clearly  explained, and 
the  campaigns  of  Marlborough  are  admirably 
related.  The  literature  of  this  reign  is  very  im- 
portant, and  one  of  the  best  chapters  is*  that 
devoted  to  this  interesting  subject.   The  social 


life  of  the  nation  is  not  forgotten,  and  the  whole 
reign  is  illustrated  by  seven  excellent  map*.' 

Schoouiastbr. 
•  The  plan  of  the  series  of  Epochs  of  Modern 
History  has  been  in  no  former  volume  more 
faithfully  carried  out  than  in  the  Age  of 
Anne.  In  not  one  of  the  new  set  have  the  ad- 
vantages of  this  mode  of  presenting  history  for 
study  been  more  happily  demonstrated.  This  is 
a  good  opportunity  for  explaining,  by  means  of 
the  example  before  us,  for  the  benefit  of  those 
who  are  not  familiar  with  the  Ej>ochs,  how  these 
miniature  histories  arc  constructed ....  A  little 
time  spent  over  this  volume  is  sufficient  to  satisfy 
any  teacher  of  history  that  the  way  in  which  to 
convoy  an  adequate  picture  of  the  reign  of  Anne 
is  to  combine  it  with  the  story  of  Europe  during 
the  time  that  the  Queen  ocenpied  the  throne. 
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